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ABSTRACT 
The Loch Lomond Advance limits and raised marine shorelines in 
N. W. Argyll have been mapped and surveyed. Radiocarbon dated Late-
glacial and Postglacial pollen sites at Salen and Loch Shiel provide 
the vegetational history and chronology for the area. 14 Loch Lomond 
Advance glacier termini and associated limits were mapped using the 
distribution of hwrmocky and fluted moraine, together with a survey 
of erratic boulders. 83% of the reconstructed former glaciers had a 
southerly aspect relating to southerly snow-bearing winds. The 
average firnline gradient was 7.5m/km increasing in altitude towards 
the north-east; the average firnline height for the area was 369m. 
The Main Lateglacial Shoreline, formed during the Loch Lomond 
Stadial, slopes towards 270 with a gradient of 0.15m/km from 9m in the 
east to Om in the west of the area. It was formed by freeze-thaw 
action operating under exceptional conditions, and its formation was 
influenced by rock type. Two Postglacial shorelines are recognized : 
the Main Postglacial shoreline that slopes towards 270, from 14m to 
8m with a gradient of 0.06m/km, and a lower sho=eline at approximately 
5m which has no definite gradient. 
An absolute Lateglacial pollen site at Salen, Ardnamurchan, 
shows an early pioneer community of Rumex, Salix, Gramineae and 
and Cyperaceae species being replaced by an Empetrum heath during the 
Lateglacial Interstadial. Subsequent stadial conditions are reflected 
by open herb communities and the onset of coarse minerogenic sediment-
ation. This minerogenic influx ceased around 10,000 to 9,700 B.P. 
with a rapid recolonization of the surrounding area by pioneer herbs, 
then dwarf shrub and finally deciduous woodland. 
Middle and Late Postglacial vegetational davelopment is recorded 
by lacustrine sediments from Loch Shiel where the fossil pollen record 
shows that a mixed deciduous woodland of Quercus, Alnus, Betula and 
Corylus was progressively cleared by man. Palaeomagnetic and chemical 
records were obtained from the site. The Main Postglacial Transgression 
flooded Loch Shiel resulting in the deposition of shells of the marine 
bivlave Thyasira flexonosa. 
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INTRODUCTION. 
rrhesis aim and outline. 
The aim of this thesis is to contribute to recent investigations 
into the Late- and Postglacial environments of Scotland. The prin-
cipal lines of research are:-
a) 1-lappint' the lillii ts of the la,st glacial ice in Scotland (Loch 
Lomond Advance). 
b) Mapping and levelling of raised marine features to deter;nine for-
mer relative rflovements of the sea-level. 
c) The rcconst:rL~_ction of the vecetational history from the foGsil 
pollen record: for the Lateglacial and part of the Postglacial 
period. 
Using established techniques and methodology, an investigation 
has been conducted into the Late- ru1d Postglacial environment of a 
small J:Jart of Scotland, along these three main lines of enquiry. 
Since <~uaternary investigations are essentially multi-disciplinary 
in nature, it was hoped that this wider approach would provide a bet-
ter understanding of some of the problems and techniques involved 
than if attention had been confined to a single field. 
Some of the results of this study may be of use as part of a 
large-scale analysis of Scottish Late- and Postglacial environments 
(e.g. climatic inferences dra\m from Loch Lomond Advance glaciers 
(Sissons and Sutherland, 1976) and the numerical analysis of :past 
pollen flora (e.g. Birks and Deacon, 1973) ). 
Part of l\J. v.J. Argyll Has chosen as a field area because:-
a) There had been little previous work done in glacial geomorphol-
ogy there. 
b) Fl"'Ovisional air photograph reconnaissance suggested reasonably 
good evidence for Loch Lomond Advance limits and raised marine 
features. 
c) There were uo published pollen sites in the area. The nearest 
Lateglacial pollen site was 20 km south at Oban (Dormer, 1957), or 
100 lan north in Skye (Birks, H. J. B., 1973). 
J) Detailed work by Gray (e.g. 1972a)had been done on the raised 
marine features and Loch Lomond Advance limits of the adjacent area 
to the south. 
e) The area was fairly accessible. 
After a brief outline of tl:Je environmental bac):(ground to the 
fiell area, detailed evidence will be presented for ice-sheet move-
ment and the extent of Loch Lomond Advance glaciers. A description 
and interpretation of the raised marine features will follow. A dis-
cussion of pollen diagrams fol" two sites will cons ti tu te a third 
section. Finally, a synthesis of results and conclusions for this 
area will be related to present knovrledge for the rest of Scotland. 
A discussion of pertinent literature a~d methods employed will 
be made in the relevant sections of the tD.esis. 
Location. 
The field area is that part of Argyll north-·Hest of Loch Linnhe, 
in the Northern Highlands of Scotland. It lies bet;,..reen the latit-
d 560 . ,' ·-u es 4L~ .t>: . ''6°29' . 2.,[1(1 J l < ' 
0 f 0 I 
and longi tudes 6 02 ~.r exid 5 15 ,i!. It 
includes the districts of IvJ:orvern, Sunart and King2,irloch; part of 
Ardgour and part of Ardnamurchan. These districts lie vli thin the 
political boundary of the Highland Region. 
The field area is bounded to the south-'.vest by the Sound of 
Mull, and is truncated along its south-east margin by Loch Linnhe. 
The southern half of the Loch Shiel basin forms the northern 
boundary, together with Glen Hurich and Glen Gour. The field area 
includes Corra.n, but excludes the Ardnamurchan peninsular \vest of 
Salen ( see Fig. 1. 1 ). 
Bedrock Geology. 
The area is composed of four rock types, of widely differing 
age and character (Fig. 1.2 ). They are the Noinian Schists, the 
Strontia.n Granite, Nesozoic sediments and the Tertiary Basalt lavas. 
The region was mapped between 1902 and 1930 by the Geological 
Survey, wnose officers included E. B. Bailey and W. B. Wright. The 
area is covered by three Geological Survey memoirs (Bailey 1960, 1924; 
Lee and Bailey, 1925 ) • 
a) The Maine Series. 
The Maine Schists crop out over 355 km and form the major rock 
2. 
type. These sedirnents are highly metamorphosed, but v1ere originally 
laid do\VIl as an alternating sequence of gravels, sands, and c~ays up 
to 600m thick (Phemister, 1960). This simple structure has been 
extensively a~tered by four periods of orogenisis· in the early Pala-
eozoic. Contemporary with these was systematic regional metamorphism 
(Read, 1961). The structural complexity of the formation is such 
that there is no complete stratigraphy available. Outcrops vary 
between bands of psammitia granulite, banded psammitic schists and 
gneisses and banded pelitic schist and gneiss. Highly. contorted bedding 
planes and sheared quartz veins are enhanced by we~ther~ng to form 
distinctive outcrops. 
b) The Strontian Granite. 
This pluton Has intruded during a period of igneous activity 
throughout Scotland associated with the Caledonian orogeny. There 
were four main phases (I'-1ercy, 1965) :-
1. The regional rnit.;-matization of the Scottish Highlands. 1-'Iost of 
the Moine Schists of the field area crop out vli thin the western limit 
of migmatization. 
2. The Assynt alkaline intrusions and the basic interlude of north-
east Scotland. 
3. Emplacement 9f the Newer Granites, including the Strontian Granite. 
4. Formation of the ring complexes; e.g. Ben Nevis and Glen Coe. 
The Strontian Granite outcrop covers 205 km and is the largest 
of the Newer Granite batholiths in the Northern Highlands (Phemister, 
1960). Ernplaced in Moine schists at depth, there is no metamorphic 
aureole. The initial formation of an outer band of basic, well 
foliated tonalite was intruded by granodiorite. In turn, this was 
later intruded by a more acidic biotite granite (Sabine, 1963). 
This layering from a basic margin to a more acidic, central rock type 
is typic8.1 of the Newer Granites. Potassium-argon dates for this 
emplacement are 420±19 rn.y. for the tonalite, 405!.10 m.y. for the· 
c;ra.nodiori te and 381:!: 17 m.y. for the bioti te granite (Niller and 
:Bro-wn, 1972). 
The Strontian Granite outcrop is truncated along its south-east 
margin by the Great Glen Fault. Kennedy (1946) correlated the 
Strontian granite with the Foyers granite (located on the south-east 
side of Loch Ness). He suggested that a lateral movement of 105 km 
along the Great Glen Fault had taken place. It was fro~ Strontionite, 
mined along the northern grani te-r·1oinian Schist contact that Sir 
Humphrey Davey isolated the element strontium at Strontian in 1808. 
c) Mesozoic Sediments. 
Restricted outcrops of Mesozoic sediments are found along the 
margins of the Tertiary plateau basalt lavas (Richey, 1961). In 
Morvern these sediments have been preserved beneath the lavas. They 
crop out along the coast east of Loch Aline, and on the south side 
of the Loch Arienas and Loch Teacuis valley. Typically, theyconsist 
of Triassic conglomerates and Jurassic and Liassic clays, unconform-
ably overlain by eretaceous greensand and silicified chalk. The 
thickest sequence (22m) is found beneath the lavas at Ben Iadain 
(NM 692561). 
d) Tertiary Basalt Lavas. 
The contintal shelf of \.Vestern Bri ta.in has several deep 
asymmetrical basins infilled with up to 460 metres of Mesozoic and 
Tertiary sediments. These basins are tensional features, resulting 
from an abortive attempted extension of the Mid-Atlantic Ridge 
(Naylor and r1ounteney, 1974). The Tertiary vulcanism of Scotland 
was restricted to the intersection of Caledonian shear and TertiarJ 
cross faults (Roberts, 1974). This confined igneous activity in 
Scotland to six centres. T1t!O of these centres are periphal to 
the field area; they are Mull and Ardnamurchan. 
Before the earliest Tertiary igneous activity there was uplift 
and erosion of Mesozoic sediments. Harker (1904) suggested three 
distinct periods of activity:-
1 • An extrusive volcanic phase, '\vi th outpouring of basal tic la vas. 
Lava from the Mull vent covered Morvern forming a basaltic plateau 
2. 
area, 125 km '\vi th a maximum thickness of 450m. 
2. A long and complex plutonic phase, confined to the local volcanic 
centres. 
3. A period of N.E.-S.W. distension, with a massive intrusion of 
dykes along a N. E. -S. \tl. trend in to virtually every rock type in the 
area. Hinor faulting was vlidespread. 
Roberts (1974) suggested that the Tertiary volcanic activity. 
throughout Scotland took place between 60 and 40 m.y. ago. It can 
be related to three ph ases of seafloor spreading that structurally 
isolated the Rockall Plateau microcontinent from the European 
mainland. 
Physiography. 
The field area forms the most southerly part of the Northern 
4. 
Highlands, and is 700km~ in extent. It'is approximately rectangular 
in shape, with a main axis running N.E. to S.W., 32 km long, and is 
25 km wide. From Strontia.n, Beinn Resipol (845m) lies to the N.W., 
Garbh Bheinn (885m), the highest mountain in the area, lies to the 
east, and Creach Bheinn (853m) to the S.E. These mountains of the 
Moine Schists form the highest and most rugged ground. The 
psanm1i tic schists form more rounded hills than the more irregular 
pelitic types (Bailey, 1926). 
The topography of the Strontian granite varies widely within 
the outcrop. The tonalitic and porphyritic granodionite forms a 
comparatively 10\v-lying area at 300m. This contrasts with the higher · 
surrounding Moinian hills, and with the central more acidic part of 
the intrusion, where hills of biotite granite reach 739m (NM 799515) 
S.W. of Loch a' Choire. This ~elief inversion occurs on some other 
Ne"1er Granites , Rannoch Moor and Loch Doon intrusions being the most 
prominent examples. Others, however, such as th8 Cairngorms and 
Lochnager outcrops form some of the largest areas of high ground in 
Scotland. 
Tonalite and granodionite have a typically high plagioclase con-
tent (over 6&,p~), which decreases in the biotite granite to between 
33% and 50% (Hatch, Wells and \Jells, 1961). Goldich ( 1938) 
suggested that pla.gioclase, a basic mineral, is very susceptible to 
chemical weathering. This difference in plagioclase content of the 
granite types may be sufficient to have caused the anomalous relief 
pattern. Besides differences in mineralogy, this topographic in-
consistency may be a function of the local emplacemant mechanics of 
the granite outcrop, resulting in different degrees of foliation. 
The location of the granite outcrops with respect to differences in 
precipitation may be important. This could have influenced the rate 
of chemical weathering and the nature of glaciation. 
The plateau lavas of Morvern display the characteristic 'trap 
featuring' of basaltic lavas (Hatch, Wells and Wells, 1961). This 
forms a stepped topography best displayed west of Loch Aline and 
east of Auliston Point. Where the lavas have a soft foundation of 
Mesozoic strata they form impressive scarps: examples occur south of 
Loch Arienas and Loch Teacuis, and at Ardtornish Bay (NM 700430) 
where they form cliffs 200m high. West of Loch Aline sedimentary 
strata dp not crop out below the lavas and the coastline is con-
sequently low-lying and monotonous (Scott, 1928). 
The main influences of tectonic activity reflected in the land-
scape of the field area are:-
a) The Caledonian System. This is dominant throughout the Highlands, 
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with a trend from N.E. to S.W. The Great Glen Fault is responsible 
for the straight western edge of Loch Linnhe. The zone of shattered 
rock along the fault has been glacially exploited, forming a pre-
cipitous coastline that is continued below sea-level. At one point 
(NM 760412) the Admiralty Charts record a depth of 120-150m some 
180m offshore. 
The orientation along the Caledonian trend of the lochs Linnhe, 
Awe, and part of Shiel and Etive in the S.W. Highlands is striking. 
Within the area this trend may be responsible for the direction of 
the mid-section of Loch Sunart (NM 700630 to 650585), Glen Dubh, 
Glen Geal end part of Strontian Glen (NM 820630 to 863658). 
b) The northwest-southeast Tertiary distension. This may have in-
fluenced the formation and orientation of the Sound of Mull, the 
Loch Ar.:j.enas-Loch Teacuis valley, part of Loch Sunart (NM 710635 to 
760600), Loch a 1 Choire and the Loch Uisge valley. 
c) Other Tertiary faults. The plateau lavas in Morven have been 
truncated by north to south trending faults, for example on the east 
side of Ben Iadain ond the lava plateau at ~~ 665525. 
Scott (1928) suggested the influence of a.n east-west fault run-
ning west from 1~ 604886 in Glen Tarbert. It has probably been ex-
ploited by the Carnoch river, and may have resul-ted in the steep 
slopes south of Loch Sunart from Lochead (NM 836603) to Laudale 
(NM 740600). This coast is precipitous, and strongly contrasts with 
the gentle northern shore of the loch. 
Reconstructions of the pre-glacial drainage pattern suggest an 
easterly flowing stream system originating vTest of Loch Lim1he. 
Rivers from Glen Tarbert and Glen Gour would drain to Loch Tummel via 
Loch Leven and Glen Coe. These rivers ;,vere later intercepted by a 
Loch Linnhe subsequent stream (Bailey, 1926; George, 1965). Alter-
natively, Sissons (1967b)has observed that the present watershed 
usually coincides with the highest ground. If the present watershed 
coincided with the line of the original watershed, this would place 
the watershed east of Loch Linnhe, and rivers would flow westwards to 
be later dismembered by subsequent streams exploiting the Caledonian 
zones of weakness. Within the field area, these zones influence 
the drainage, as, for example, the rivers draining the glens noted 
above u~der (a). 
On a smaller scale, the N.W. to S.E. Tertiary tectonic influence 
is more important. Many streams have exploited the associated dykes 
and faults. Resulting gorges may be impressive: N.W~ of Achagavel 
(NM 764560) a stream has incised a straight gorge along a fault, 30m 
deep for over a kilometre. 
6. 
Climate. 
The field area has a cool, but mild, oceanic climate for most of 
the year, with excessive precipitation. Deep coastal indentations 
mean that all parts of the area lie within 8 km of the sea. The re-
sult is extreme mildness at low altitudes for this latitude. 
The following meteorological data are for lowland regions of the 
period 1901 - 1930 (Climatological Atlas of the British Isles, 1952). 
The average mean of daily mean temperatures for January vras 4.2°C, 
0 
and for July 14.1 C, giving a comparatively small annual range of 
9. 9 ° C • The averaGe annual maximum ·Has 2 5. 2 ° C and the minimum -7. 9 ° C , 
0 
a maximum annual range of 33.1 C. There are no meteorological records 
for high altitude in the field area but Ben Nevis has a mean annual 
tern})erature of only -0.2° C (Manley, 1959). Assuming a lapse rate of 
0.68°C for ea.ch 100m increase in altitude (Manley, 1952), Garbh Bheinn 
0 
(885m) would have a mean annual temperature of 3.1 C. 
Rainfall varies from 1300mm to 1560mm at the western tip of 
Morvern, to over 3250n~ on ground over 750rn altitude. Rain guages 
at Kingairloch (Nl-1 835534) and Ardgour house (NH 995638), both virtually 
8,t sea level, record a mean annual total of 2730mm and 2652mm respec-
tively. Both show a marked winter precipitation maximum (Cruickshank 
and Jowett, 1972). 
The average number of rainy days (more than 1mm of rain per day) 
is 225 250. The average number of mornings ,.,i th snow lying varies 
from 5- 10 at sea level to 50 -100 at high altitudes. Relative 
humidity is high, being greater than 7~~ throughout the year. An-
nual average vrindspeed is 6.6m/sec, with 15 - 25 gales per year (winds 
in excess of 16.4m/sec). 
Soils and Vegetation. 
Soils are poor, as the bedrock does not weather easily to form 
suitable material for soil development. In an area where rainfall 
exceeds evaporation for every month of the year~ leaching and pod-
solization are widespread. This accentuates the bad drainage, 
preventing decay. Nutrients and fine clay particles are quickly 
removed and bog formation is rapid. Extensive peat bogs have devel-
oped on some low, badly drained ground; e.g. Claish Noss, Kentra 
11oss and Corran. Good soil is largely restricted to the sands and 
gravels of raised beach deposits. 
The vegeta.tion of the area is mainly wet grass moor, of Nolinia 
and sedges with I'1yrica gaJe. Inter~persed between this axe Jar ge 
areas of acid gTassland (fesoue-agrostis, with nardus, Erica-
ceae and increasing quantities of Pteridium aquilinum) (Veget-
ational survey of Scotland, 1953). Woodlands are confined to remnant 
semi-natural patches of oak (e.g. Ariundle, NM840645), while 
1· 
extensive areas have been planted by the Forestry Commission, 
especially in Morvern and Glen Hurich. 
8. 
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PRE-LOCH LOMOND ADVANCE ICE-MO~v~NT. 
Introduction. 
There is little evidence in Scotland for any specific 
Quaternary event before the Late Devension: only two interglacial 
sites are known and both of these are in the Shetland Islands 
(Birks, H. J. B. and Ransom, 1969). During most of the Late 
Devension, an ice-sheet existed in Scotland and this will subs-
equently be referred to as the ice-sheet period. 
Radiocarbon dates suggest that much or all of Scotland was 
ice-free before about 25,000 B.P. At Tolsta Head on the Isle of 
Lewis peat beneath apparent till has been radiocarbon dated at 
27, 333+ 240 B.P. ( von Heyman and Edwards, 1973). A date on an 
organic soil horizon at Tein .dland in Morayshire is 28,100 + 480, 
- 450 B.P. (Edwards et ~1., 1977). At Bishopbriggs near Glasgow (not 
far from the centre of Highland ice accumulation) a bone from a 
woolly rhinoceros removed from fluvioglacial gravels beneath till 
has a date of 27,550 + 1370, - 1680 B.P. (Rolfe, 1966). 
A major ice sheet then developed, which atits maximum extent 
reached the North-West Midlands of England and Pembrokeshire in 
Wales. (Geological Survey Drift l'r1ap of Great Britain, 1977) De-
glaciation began after 18,000 'B.P. according to Penny (1964). 
Widespread fluvioglacial landforms, especially in the south and 
east of Scotland, reflect a general downwasting of the ice-sheet 
in situ., with the hills and mountains emerging above the ice-sheet, 
and ice becoming stagnant on valley floors and lowlands (Sissons, 1976a). 
In the last half century several readvances during deglaciation 
have been proposed, hut ~ost have been rejected or are considered 
highly improbable. These include the Lammermuir-Stranraer Readvance 
(Charlesworth, 1926), the Aberdeen and Dinnet Readvances (S}~ge, 
1956, 1963) and the Aberdeen- Lammermuir Readvance (Sissons, 196Th). 
A Perth Readvance was first suggested by Simpson (1933) and was 
delimited over a considerable area by Sissons (1963b, 1964). However, 
Paterson (1974) has shown that evidence used by Simpson in the Perth 
area can be interpreted differently. Although Sissons (1976a)con-
9. 
eludes that there i::; no firm evidence for a readvance, fluvioglacial 
deposits in both the Tay and Forth VB~lleys correlate v.ri th the main 
Perth shoreline and 'the marked development of this shoreline and the 
subsequent drop in the marine l.i.mi t suggest that t"r-le fluvioglacial 
landforms ma~ck at least a. significant halt stage' (Gray and Lowe, 1977, 
p. 165). 
D. Sutherland (pers. comm. in Gray and Lowe, 1977, p. 165) has 
postglated a halt stage in the Cowal Peninsula (s.w. Grampians) to 
explain a drop in the marine limit of over 20m. Farther north, the 
Oban - Ford moraine of supposed Perth Rea,dvance age (Synge, 1966, 
Synge and Stephens, 1966} has been re-interpreted by Gray and Suth-
erland (1977). They conclude that the ice limits 'represent only 
fairly brief diachronous ha,l ts in the general recession of the ice. ' 
(Gray and Lowe, 1977, p. 165) and that these may relate to the still-
stand at Cowal. In the N.vl.Highlands, Robinson (1977) suggests tha.t 
the ice-sheet readvanced to form a moraine near Applecross (the 
Applecross sub-stage), and Ballantyne (pers. comm.) believes an ice-
sheet moraine to represent a halt stage during deglaciation on An 
Tealla,ch. 
The presence of at least 62 Lateglacial sites in Scotland, many 
radiocarbon dated, proves that large areas of the country were com-
pletely deglaciated by about 13,000 B.P. There is beetle evidence 
(Coope and Brophy, 1972) of summer temperatures comparable to the 
present day, and of the retreat of polar Haters from the west coast 
of the British Isles around 13,500 B.P. (Ruddiman and Mcintyre, 1973). 
'It therefore seeme unlikely that such renmants of the ice-sheet as 
survived at this time could have lasted much longer and total de-
glaciation by 12,500 radiocarbon years ago seems a conservative 
suggestion' (Sissons, 1976, p.90). 
Previous Work in the Field Area. 
The Geological Survey (Bailey, 1924; Lee and Bailey, 1925; 
Bailey, 1960) mapJ;·ed a great number of striae in the study 
area; the writer has found few additional ones. Some glacial erratics 
were mentioned, principally boulders of Strontian Granite found 
scattered in parts of Morvern, Mull and Ardnamurchan. Although the 
Survey officers did not delimit a readvance, they did realize that 
different directions of ice/~t0~ifferent times were involved. 
'All the great valleys of the district afford striated surfaces 
inuicating a downstream flow of ice. But as one ascends higher and 
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higher, on to cols :•.nd ridges, one meets striae with a direction more 
and more independent of the local inequalities of the topography' 
(Bailey, 1924, p.217). The Geological Survey officers concluded that 
at the maximum of glaciation ice flowed S.W. dovm Loch Linnhe, fed by 
converging ice currents from both sides, and was deflected west across 
Morvern by the local ice accumulation on Mull. 
Scott (1928) located several large erratic boulders that are not 
mentioned by the Geological Survey. His map shows the general direc-
tion of ice-sheet movement at maximum glaciation to be s.w. across 
the region, 'little affected by the two chief valleys -Loch 
Sunart aJ1d Ariena-Teacuis valley - crossing both almost at right 
angles' (p.172). This does not accord with evidence from striations. 
Peacock ( 1970) summarized the early \vork of the Geological Survey 
and described the ice-sheet glaciation. He suggested, though without 
clear evidence, that an ice-shed during the ice-sheet maximum lay N.E. 
of Loch Eil, with ice flowing S.W. over the present study area. On 
the east side of this proposed ice sheet, the Geological Survey has 
mapped till (outside the study area) while to the west, moraine 
drift is predominant. The latter is usually found inside former 
Loch Lomond Advance limits and is frequently associated with hum-
mocky moraine (e.g. in Glen Tarbert and Glen Laudale). 
A considerable part of the field area is barerock, and superficial 
deposits other than peat and morainic drift are rare. Charlesworth 
(1955) included this area in his 'Noraine-less West'. 
Glacial Breaches. 
A glacial breach is formed where ice erodes a preglacial water-
shed to formanew valley (Linton, 1963). Glacial breaches represent 
some of the most dr~1atic evidence for glacial erosion in the Scottish 
Highlands, although it has not al\vays been accepted that they are 
mainly of glacial origin. A. Geikie (1865) and Peach and Home (1910) 
attributed the breaches of the Northern Highlands to erosion by 
Tertiary rivers, flowing south-east from a source west of the present 
coastline. The later capture of these rivers by south-westerly 
flowing subsequents left many breaches as wind-gaps. As late as 1934 
Bremner was still promulgating this idea when Louis (1934) suggested 
that glacial erosion may have been the dominant process in their for-
mation. Dury (1953) described the capture of the River Callop at 
Glenfinnan as one of the major breaches through the N.vl. Highlands. 
He concluded that it supports 'the inference of wholesale breaching 
by transfluent ice, at the expense of hypothetical schemes of major 
consequents heading west of the present divide or even of the coa.st' 
(p. 115). 
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Linton (1951a, 1951b, 1957) examined many glacial breaches in the 
Scottish Highlands and demonstrated the ability of confined ice to cut 
a deep trough through the heart of a mountain mass. At Loch Treig 
the main east-west Grampian watershed has been breached, and the 
deepest point of the loch now lies 1330m below the adjacent hills. 
Although there was probably a pre-glacial col at this point, it is 
unlikely to have been a major Tertiary river valley, and Linton con-
siders that 550m of erosion by ice occurred. 
In areas of intense glacial erosion breaches and glacial valleys 
may merge to form a complex system of inter-connecting valleys, as in 
the area between Fort William and Mallaig (Sissons, 1967b). It be-
comes difficult to separate breaches that utilized a pre-glacial col 
from those whose origin is solely due to glacial erosion. 
Glacial Breaches in the Field Area. 
With the exception of Glen Forsa on Mull the field area includes 
the southernmost part of a belt of major glacial breaches that extends 
northwards to Western Sutherland (Dury, 1953). One of these breaches, 
Glen Gour, forms the northern boundary of the field area. The floor 
of the glen rises to 205m at a point (NM 892650) where adjacent 
slopes rise to 700m and 760m. Farther south, Glen Faith n' Amean 
and Coire an Iabhair meet at an altitude of 540m (NM 903630) within 
a kilometre of the summit of Garbh Bheinn (885m). The most impressive 
glacial breach is Glen Tarbert, the floor of which rises to only 112m, 
while the surrounding mountains attain heights of 885 and 870m. These 
three breaches have small lochans on their watersheds. Glen Gour 
and Glen Tarbert form such deep incisions through the watershed that it 
may well be that they have been excavated along major pre-glacial cols. 
Breaches are smaller and less well developed south of Glen Tarbert. 
The Loch Uisge valley runs north-west to reach a col height of 175m, 
before swinging round to the S.W. to merge with the Arienas-Teacuis 
valley. This latter valley runs N.W. - S.E. and although it probably 
is a breach, its formation has been strongly influenced by geological 
structure. At its deepest point, the floor of Loch Arienas lies 25m 
and tnat of Loch Teacuis 27m below sea level. 
Between the Loch Uisge valley and the Sound of Mull a number of 
small breaches have been cut into the Strontian Granite, Glen Sanda 
being the best example. Finally, the Sound of Mull may be considered to 
be a glacial breach, having several basins with a maximum depth of 60m. 
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The majority of the glacial breaches described are major glacial 
troughs and represent an over-riding of the area by foreign ice. In 
places glacial erosion probably removed up to 400m of rock, despite 
the utilization of former pre-glacial cols and river valleys. An 
unloading effect causing fracturing of rock may have been an important 
process in glacial excavation. 
With repeated breaching the pattern of constricted ice flow would 
have been reinforced during every major glaciation. Evidence for an 
ice flow at high level is suggested by the altitude of cross-cut valeys 
(see Sissons, 1967b) and possible diffluence channels. Cross-cut 
valleys have dissected a mountain mass above 600m to form the triple 
peaks of Sgurr Dhomhnuill (NM 890680) on the north side of Glen Gour. 
Ice has probably over-ridden the southern side of this glen to flow 
into Gleann Feith n' Amean, as hinted by the striae·at NM 896634-
Similarly, ice from the Loch Linnhe ice stream may have crossed a col 
at NM 885565 to flow down Glen Galmadale. 
Glacial Troughs. 
The study area is bounded by, and disse·cted by, glacial troughs. 
These are mainly drowned features and are sometimes associated with 
glacial breaches. Along the S.E. boundary of the area, Loch Linnhe 
forms one of the longest fjords in Great Britain. 
N.E. of Corran, has a maximum water depth of 152m. 
An upper basin, 
A larger lower 
basin extends south of Corran where the sea reaches a depth of 221m 
between Lismore and the Morvern coast. The axis of this basin cor-
responds closely with the Great Glen Fault and with the structurally 
controlled lineation of Lismore. Loch Sunart consists of several 
basins with a maximum water depth of 90m N.W. of Auliston Point. 
Many of these basins may be structurally controlled, but the eastern 
part of the Loch Sunart trough is essentially a continuation of the 
breach of Glen Tarbert, and has probably been considerably deepened 
by ice. The basin at tne head of the loch is located on granodionite, 
the loch becoming shallower on the Moinian Schists towards Laudale. 
This is comparable to the relationship between adjacent relief and rock 
type, though Scott (1928) suggested that this basin is the waterfall 
pool of an easterly flowing pre-glacial river! 
Major rock basins off the west coast of Scotland are common, 
evidence that massive erosion has taken place. Immense troughs 
lie offshore and separate Skye, Jura and Mull from the mainland. 
Rockhead maps (e.g. Binns et al., 1973) illustrate how deep and 
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extensive some of these troughs are, For example, a remarkable trougp 
some 10km wide and 100km long, reaching rockhead depths of 380m extends 
S.W. from the Isle of Rhum. 
Striae. 
In the following description it is assumed that all striae outside 
the Loch Lomond Advance limit relate to the last ice-sheet glaciation, 
while those inside the Loch Lomond Advance limit have been formed by 
that Advance. It is known that ice-sheet movement would have been 
affected by local topographic irregularities (cf. Virkala, 1960) and 
care must be taken in inferring the direction of former ice move~ent 
from the evidence of striae alone. When measQ~ed in the field, the 
mean angle of a group of striae was taken. 
The rock types of the field area do not retain striae easily. 
The Strontian Granite has a massive texture and only five groups of 
striae are known on the entire outcrop. They are large shallow 
grooves, 10 - 15mm wide and 5mrn deep. The basalt lavas of Morvern 
weather fairly rapidly and most of the comparatively fev.r sets of striae 
found in this area are on Tertiary dykes or other intrusions (e.g. a 
cluster of striae on a dolerite sill exposed on the coast at ~ll1 621462). 
On the peli tic type of Moinian schists striae a:r·e largE/and common. 
However the finer scr~tches on the psrunmitic rock types are ~uickly 
destroyed and are only found where overlying protective material has 
been recently removed. 
Ice-Sheet Striae. 
In Morvern striae range from 240 to 305 with only a few excep-
tions where ice has been confineu to valleys. They indicate a general 
movement of ice across the area from east to west. Along the shores 
of Loch Sunart striae are also orientated east-west, between 245 and 
307 • Ice-moulded rock along the sides of the loch, especially be-
tween Lochead (NM 833603) and Achleek (I~ 795603), and from Lidders-
dale (l~~ 774599) to Laudale (NM 758598), together with a fine roche 
moutonn~e at l\lM 835608, support this east-west movement. 
On the Ardtoe Peninsula (NM 635710) numerous striae indicate a 
N.W. ice direction, between 286° and 348°. Ice moulding is abundant 
along the coast and is well developed with striae at Ardtoe Bay. 
Ice-moulded rock at NM 627703 may relate to constricted ice flow 
at the narrow entrance to Kentra B~y. 
Farther east, on the very summit of Ben Resipol, striae point 
west (268°), and on Garbh Bheinn several groups of striae provide 
more evidence of a westerly flowing ice-sheet. To the south, striae 
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above 680rn on Creach Bheinn range from 275° to 310° on the western 
side of t!'1e mountain, while on the easter·n side striae above 150m 
point ap1)roximately south-east. Below this altitude, striae 
orientation is between 232° and 250° roughly parc:.llel vTi th Loch 
Linnhe. This latter orientation is significantly different from the 
previous striae directions. 
Ice-Sheet Movement as Indicated by Erratics. 
The distribution of large erratic boulders was some of the 
earliest evidence used for the glaciation of Scotland. As early as 
1880 a Boulder Committee \•ras formed by the Royal Society of Edinburgh 
to investigate the distribution of erratic boulders. Using erratics 
(and striae) Horne (1894) demonstrated the interaction of small 
valley glaciers with large-scale movement of a regional ice-sheet in 
the Applecross hills of the N. vi. Highlands. 
The Geological Survey has recorded on its 1:10560 maps the location 
of many erratics in the field area. This evidence is summarized on 
Fig.2.l.A&Btogether with erratics found during the geomorphological 
mapping for this thesis. The most numerous erratics are boulders of 
Strontian Granite found west of the outcrop. 
Other erratics are quite rare though occasional blocks of Moinian 
Schist lie on the granite (e.g. at NI'1827497). InMorvern b.J.salt 
lava blocks from the Ben Iadain outli.er have been transported O.Skm 
N.W. from the outcrop at NM 692567, and 1.5km west at NM 664563. 
Scott (1928) recorded a Triassic Sandstone block resting on the 
Morvern lavas 2km south-west of its source near Barr (1~ 617560). 
The distribution of erratics supports the general inference from 
striae that there \vas a general ice-sheet movement from east to west 
across the area. 
Erratics Survey : Method. 
It was decided to undertake a survey of erratics to attempt to 
demonstrate the limits of Loch Lomond Advance ice where morphological 
evidence for this limit is poor. In the course of this survey, infor-
mation relating to ice-sheet movement was obtained. The survey method 
will be described here, but only the data and inferences for the move-
ment of the ice-sheet will be discussed. 
Traverses were made by walking along east-west lines corresponding 
with the National Grid lines. These lines had been transferred from 
the 1 : 50,000 Ordnance Survey 1st Edition maps to 1 : 25,000 aerial 
photographs. With the aid of a compass, location on the ground eould 
be obtained to the nearest 25m. Starting at a kilometre grid inter-
seC'tion, 126 paces were counted, this being the averg.ge number of 
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paces tha.t approximated to 100m over rough ground. For each 100m 
secfu:m the numbers of Strontian Granite and Noinian s·chist boulders 
lying roughly one metre on either side of the hypothetical line 
were continuously recorded on separate hand counters. After 126 
paces, the values were written down, the counters zeroed and the 
procedure repeated. 
The sui~ey covered 172km, recording 13,707 boulders as 1,215 
separate totals. In areas that were critical for defining a Loch 
Lomond Advance limit traverses were made at 500m intervals though 
the usual spacing was a kilometre. Some gaps exist in the traverses, 
usually where a crag or water made the survey impracticable and 
very occasionally by snow patches. Stream widths were included in 
the paced distance but erratics in the stream beds were noted sep-
arately. Conspicuous erratics lying outside the traverse line 
were recorded separately but Cl,re not shown. No attempt was 
mad_e to measure the size or shape of boulders, though stones less than 
approximately 15cm were not recorded, except in critical areas where 
they were noted separately. Local boulders (e.g. granite boulders 
on the granite outcrop) were counted so that erratics could be ex-
pressed as a percentage of total surface boulders along a line. 
They were not included when sufficiently covered by peat that they 
~ight have been confused v1i th bedrock. 
The distinction between Strontian Granite and Moinian Schist 
boulders was obvious. The Moinian Schist forms angular blocks, dark in 
colour and often weathered to display an intricate pattern of contorted 
bedding planes or sheared quartz veins. The material ranges in size 
from small fragments to 4m~ . Strontian Granite forms either a 
light grey or pink well-rounded boulder ranging from 0.5m3 to 5m3 
but typically 1m3 in size. Surface markings include quartz veins 
and weathered xenoliths. 
Strontian Granite erratics. 
Along the western edge of the outcrop boulders have been trans-
ported on to the Moinia.n Schists (Fig.2.1A). The number of erratics 
rapidly decreases with increasing distance from the granite outcrop. 
For instance, along northing 58, erratics form e.fo of total surface 
boulders witlrin the first kilometre west of the outcrop. This falls 
to 1 - 25~ five kilometres from the outcrop. At the northern edge 
of the outcrop no granite erratics have been found along northing 66 
between eastings 81 and 82, or elsewhere north of the outcrop. No 
Strontian Granite erratics have been found in the extensive fluvi.o-
glacial gravels of the Shiel basin. Many granite erratics have been 
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moved uphill: for ex8Illple, along northing 64 boulders have been 
transported upHards 170m in one kilometre; along northing 58 
granite erratics rise to 240m above the granite outcrop in three 
kilometres. 
Only one portion of the eastern granite - schist contact lies 
outside the limits of the Loch Lomond Advance in the area covered by 
the erratics survey. This section occurs along the ridge between 
Beinn na Cille (NM 854542) and Fuar Bheinn. Nowhere have granite 
boulders been found east of this contact. 
Strontian Granite boulders. 
On the undulating granodionite plateau south of the head of 
Loch Sunart small variations in topography are reflected in the dis-
tribution of local boulders. On the plateau surface grqnite boulders 
are absent on westward-facing slopes but are often abundant on east-
ward-facing ones (e.g. NM 815600, I~ 816590). 
High densities of boulders are sometimes found in shallow gullies 
on the northern edge of this plateau, e.g. 56 boulders /100m in an 
area where the average for the plateau surface is 3 boulders / 100m. 
Although these figures partly reflect the extensive peat development 
on the plateau, this concentration may also be the result of a local 
movement of ice off the plateau and into the Sunart trough. 
Moinian Schist erratics. 
Nowhere are Moinian metamorphic erratics found on the granite 
along the western margin of the outcrop. Outside the Loch Lomond 
Advance limits, only 6 boulders of Moinian Schist have been found on 
the entire granite area, with the exception of the northern part of 
the outcrop, where the Loch Lomond Advance limit is uncertain. Four 
of these boulders are at NM 855570, one at NM 841600 and another at 
NM 822600. They form only 0.27% of the total boulders counted on the 
outcrop. 
Conclusion. 
Theagnificant amount of erosion recorded by the glacial troughs 
and breaches indicates that they represent the result of repeated flow 
of ice along the same routes. That the broad patterns of ice flow 
during the Pleistocene might be similar is also indicated by the radial 
arrangement of glacial troughs around major centres of ice accumulation, 
such as Rannoch Moor (Linton, 1957). The large dimensions of many of 
the offshore basins also imply multiple periods of glacial €rosion. 
The very nature of a glacial breach requires its formation to belong 
to a period of extensive glacial development. Thus much of the 
physiogTaphy of the Western Highlands is a composition of multiple 
glaciation throughout the Pleistocene. 
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The formation of the glacial breaches of the field area represents 
a time Hhen the ice-shed was located east of Loch Linnhe, and ice 
from the high ground of the Ben Nevis-Glen Coe-Ben Etive area over-
rode the region. Linton (1951~, discussing the formation of the line 
of breaches in the N.W. Highlands, concluded (page 83) 'that the 
main area of accumulation lay east of the Atla.ntic-North Sea watershed, 
and that the latter was therefore extensively over-run and breached by 
the westv1ard streaming ice'. The striae and arratics from the field area 
all suggest that the last major ice movement in the area was in a 
westward direction. 
The extent ~·to v1hich local and foreign ice interacted and the 
relative importance of each in the formation of the lru1dscape are 
difficult to assess. Since local ice built up during the Loch Lomond 
Advance it is reasonable to infer that it also built up as the ice-
sheet began to form. It is possible that it accumulated to form a 
local ice-cap, which subsequently coalesced with ice from outside 
the area. 
The relative importance of glacial breaching in an area must depend 
on its position relative to the major ice-shed and centres of accum-
ulation. Western Inverness-shire has been intensely glaciated and 
breached. Carries, as defined morphometrically from the 1:25,000 
maps, are virtually absent in this area (I'·I. Dale, pers. comm.). 
The initial ice-shed was probably displaced easti·rards with increasing 
ice accumulation. This during repeated glaciations would allow 
\vestward-flowing ice to breach the area, destroying pre-existing carries. 
In the study area, only five carries have been identified on the same 
mQrp~om~t~ic basis; others have possibly been destroyed. To the north 
of the field area along the southern side of Glen Cona, shallow 
features exist which may represent the remnants of carries, virtually 
destroyed by extensive ice movement. 
The topography of the field area. would dictate that the ice-shed:. 
of any possible ic~apduring the ice-sheet period would lie east of 
the 3trontian Granite batholi th. The erre.tics survey therefore does 
not provide any evidence of the existence of a form~r local ice-cap 
over the field area during deglaciation. However the very low 
number of foreign erratics found on the Kingairloch hills does suggest 
that the local ice flow has removed erratics from the hillslopes. 
This is particularly likely on the steep slopes abuve Loch Linnhe 
where striae north of Loch a' Choire imply downslope ~ovement of ice 
towards the loch. Below 200m striae are parallel with the loch, 
and suggest that final active ice movement was S.W. down Loch Linnhe. 
(This in turn suggests that ice movement in this direction was 
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also important before a lar~e ice cap had developed sufficiently to 
over-ride the Ardgour and Kingairloch Hills.) 
It is thus envisaged that deglaciation in the field area from 
the ice-sheet maximum involved a brief period when ice flow was 
related to local centres over areas of high ground before rapid 
downwasting took place in situ. There is no morainic evidence for 
a halt stage or readvance associated with ice-sheet deglaciation in 
the field area. In accord with this is the clear distinction between 
the density of Moinian Schist erratics carried on to the Strontian 
Granite by the Loch Lomond Advance glaciers and the density of erratics 
outside the Loch Lomond Advance limits. If ice-sheet deglaciation 
had involved a local valley glacier readvance stage prior to the 
Loch Lomond Advance, then the sharp contrast between the Loch Lomond 
Advance and ice-sheet erratics illustrated by the erratics survey 
would not be present. The pattern of deglaciation has thus been 
different from the initial sequence of glacierization,L8. during de-
glaciation the mountains and corries at high altitude became ice free 
first, with the last active ice being confined to the valley bottoms. 
A brief summary of the proposed ice-sheet history in the field 
area is as follows: 
a. Initial glacierization and the development of a local ice ca.p 
over the area, probably centered over the hills of Ardgou± and 
Kingairloch. 
bo The eastward displacement of the ice shed as this initial ice dome 
merged with an ice-sheet developed over higher ground to the east. 
Ice would then have .flowed westwards across the field area, utiliz-
ing the glacial breaches. 
c. A possible return t6 local ice movement from ice caps located over 
areas of high ground. 
d. Rapid downwasting of ice in situ., with the last active ice being 
confined to the valleys. 
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CHl..PTER 3. 
THE LOCH LOMOND ADVANCE GLACIJi:RS IN NORTH-HE0T A .. ltGYLL. 
The Loch Lomond Advance in Scotland Previous Work. 
Previous '\>lork : pre 1968. 
Early \vorkers recognized that at the end of the Ice Age there 
had been a distinctive period of valley glaciation that succeeded 
the great ice sheet, or mer de glace. A. Geikie (1901, p. 285-286) 
recognized the distinctive characteristics of this final period of 
glaciation- 'as the vast covering of ice retreated, it came at last 
to be restricted to the corries and valleys ~~ong the higher groups 
of hills \>There it took the shape of local glaciers. Each mass of 
high gTound had its system of glaciers, creeping down the glens, and 
bearing on their surfaces the heaps of earth and stones they received 
from the slopes on either side. It is this detritus which remains 
as so enduring and striking a memorial of the last phase of ice in 
Scotland.' This simple pattern of deglaciation 'subsequently became 
obscured by more elaborate, often conflicting interpretations, and 
has emerged again only quite recently.' (Sissons, 1976, p. 91). 
In an important paper in 1933, Simpson described two separate 
readvances. The Perth Readvance was followed by a later one that 
formed moraines enclosing the southern part of Loch Lomond and the 
Upper Forth Valley. From the evidence of marine shells incorporated 
in these moraines, Simpson ( 1933) concluded that before the :r·eadvance, 
both Loch Lomond and theU~ Forth Valley must have been indentations 
of the sea. Other descriptions offue valley glaciation were by 
Bremner ( 1939), 1,lright ( 1937), NcCallien ( 1937) and Bailey 
(1960). 
By 1894, James Geikie had established a relationship between 
raised marine_ shorelines and glacial limits. From the absence of 
the 1100 ft (30m) raised beach' in the upper reaches of Loch Carron 
and Loch Kishorn, he concluded that tile valley glaciation was contem-
poraneous with this raised beach. On the Isle of Mull, Wright (1937) 
found that the '100ft (30m) raised beach' could not be traced into 
the mountain glens, while Bailey (1924), concluded that the '75ft (23m) 
raised beach' on Mull was contemporaneous with tne Loch Don Moraine 
because the beach was absent from inside this glacial limit. 
In 1955 Charlesworth published the first comprehensive study of 
the readvances of the Scottish Highlands and Islands. He recognized 
two major retreat stages of the ice-sheet. The first was the Highland 
Glaciation (Stage A). At this time ice covered the whole of Scotland 
north of the Lrurunermuir-Stranraer moraine except for the Shetland 
Islands, northern Orkney and 'Moraineless Buchan'. There were eleven 
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sub-stages before the Moraine Glaciation (stage M) which was equivalent 
to the valley glaciation of earlier writers and where ice was restric-
ted to the Highlands and Islands. Stage M 'vas correlated with the 
Ra and central Swedish moraines of Younger D~Jas age, and was thought 
to be contemporaneous with the 1100ft (30) raised beach'. Charles-
worth recognized a further nine sub-stages during the final melting 
of the ice. Maps showing retreat stages of valley glaciers and local 
ice caps were published in imaginative detail. These lirnit~ave not 
been substantiated in some areas, and have been extensively modified 
in others by the more detailed, 2ccurate mapping of later workers 
(e.g. Sissons, 1977a, 1977b). 
Dormer (1957) determined the relative age· of Loch Lomond Advance 
moraines by using the technique of pollen analysis on sediments 
sampled from either side of the r1entei th moraine (see Chapter 5). 
The analysis involved the recognition of distinctive climatic periods 
derived from the reconstruction of the vegetational history from the 
pollen record. At a site outside the moraine, the basal sediments 
were Lateglacial in age and three pollen zones could be defined, each 
associated with a definite litho-stra.tigraphy. A basal minerogenic 
layer represented the older Dryas of the continental stratigraphy 
(equivalent to pollen zone I (Godwin, 1956) ). Above this was an 
organic gyttja, contemporaneous in age to the Aller~d interstadial 
of Denmark (znii ) and the Loch Lomond Interstadial (Gray and Lowe, 
1977, p. xiii). An overlying minerogenic layer marks a return tc the 
cold conditions of the Loch Lomond Stadial (Gray and Lowe, 1977, poxiii) 
of Younger Dry~~ age (zn III). Above the Lateglacial deposits, Post-
glacial sediment relates to the vegetational history of the Flandrian. 
The absence of a Lateglacial stratigraphy from the site inside the 
Menteith moraine led Donner (1957) to conclude that the cold flora 
zn III deposits equated with the glacial readvance. 
In a. similar investi~/-tion at Oban, Dormer ( 1957) found Lateglacial 
stratigraphy outside and only Flandrian sediments inside a limit 
to the Moraine Glacia.tion mapped by Charlesworth ( 1955). However 
Synge (1966) and S3mge and Stephens (1966) proposed that in this 
area Charlesworth's stage M limit consisted of two separate stages. 
A younger limit was mapped to the north of Oban and on Mull. This 
has been confirmed at Loch Etive and Loch Creran as being of Loch 
Lomond Advance age (Peacock, 1971b; Gray, 1975a). To the south, an 
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Oban-Ford moraine was believed to be of equivalent age to the Perth 
Readvance. This area has been re-mapped by Gray and Sutherland {1977) 
and they suggest that the moraine 'represents only fairly brief 
diachronous halts in the general recession of ice'(p.44). 
NcCann modified Charlesworth' s Stc.[;e 11 limit in the 1,·festern · 
HighlEmds to include the Loch Etive and Corran outwash fans (HcCann, 
1961). He described other gravel outwash de_r>osi ts previously 
designa.ted as raised beaches at Loch rrorar, Loch Shiel, Loch Creran, 
Loch Nell and Glen Feochen. HcCann envisaged a former gravel out-
wash fan to explain the large areas of raised beach 2,t Ballachulish 
and placed the terminus of the Loch Leven glacier at this point. 
·In 1966 FicCann suggested that all these gravel deposits were con-
temporary in age and re::.)resented the terminal outwash fans of Late-
glacial glaciers. He assigned their formation to the Loch Lomond 
Advance, though associated them \<Jith a lower sea level (40ft, (12m) ) 
than the '100 (30m) raised beach' stage proposed by Charlesvrorth (1955). 
Sissons (1967a) provided an absolute age for the Menteith moraine, 
confirming Dormer's 1957 conclusions. Radiocarbon dates from shells 
in the r.Tenteith moraine and the Locl,tomond end moraine complex gave 
ages of 11,800 :t 170 B.P. and 11,700:!:: 170 B.P. respectively. This 
implies that the sea occupied the Forth Lowland and Loch Lono.nd 
before these areHs were re-occupied by glaciers, which redeposited 
the shells. 
Similar dates for the Loch Lomond Advance of 11,430 ± 220 B.P.; 
11,530 ::t 210 B.P. and 11,805:!:: 100 B.P. have been obtained by Peacock 
(1971a). These radio-carbon dates were derived from shells found in 
disturbed marine clays, partly bur ied by terminal outwash at Loch 
Creran. .llnother ·date of 11,330 ± 170 B.P. from shells incorporated 
into the Kinlochspelve Noraine, Null (Gray and Brooks, 1972) 
provided another absolute age for these ice limits. 
Sissons (1967b) presented a generalized map of the Loch Lomond 
Adv2~ce limits of Scotland and stressed the need for more detailed 
work. Some of the more important aspects of these studies completed 
since 1967 follow. 
Previous Work : 1968-1980. 
In this section, and throughout subsequent chapters, Loch Lomond 
Advance rather than Readvance is used. This is because the ~Titer 
supports the conclusions of Sissons (1974b, 1976a) that there was 
complete deglaciation of the ice-sheet in Scotland. The subsequent 
glaciation during the Loch Lomond Stadial was therefore a separate 
advance. 22. 
In producing his 1967 map of the Loch Lomond Advance limits of 
Scotland, Sissons, among other features, relied on the extensive 
areas of hummocky moraine (chaotic mounds of poorly sorted debris, 
often strewn with boulders) to delimit the extent of the a~vance. 
In the absence of terminal and lateral moraines, the often abrupt 
downvalley limit to hummocky moraine was used to mark the maximum 
extent of a former glacier. The assumption that hummocky moraine is 
primarily of Loch Lomond Advance age made mapping of the limits of 
this advance feasible. For instance, in the Lochnagar area Sissons 
and Grant (1972) determined the terminal margin of some of the advance 
glaciers on the basis of the downvalley termination of hummocky 
moraine. In the S.E. Grampians Sissons (1972a) has used these mounds 
to delimit small glaciers in the heads of Glen Doll and Glen Esk. 
On the Isle of Mull, Gray mapped a small ice cap and separate valley 
glaciers on the basis of terminal, lateral, fluted and extensive 
hummocky moraine, together with drift limits (Gray and Brooks, 1972). 
Thompson (1972) mapped an extensive system of Loch Lomond Advance 
glaciers that existed in western Perthshire primarily from the dis-
tribution of hummocky moraine. He argued that the 'logical' pattern 
of valley glaciers in Perthshire suggested an age relationship -
•the reasonableness of this pattern, the similarity and continuity 
of thesereposits throughout th~area, and the presence of a single clear 
limit to each valley system seem to justify the proposition that the 
fresh hummocky drift in each valley system is the product of one stage 
of glaciation' (Thompson, 1972, p.307). Associated with this mapping 
was a detailed p~: lynological investigation by Lm-.re ( 1977) and another 
study by Walker (1974, 1975a, 1975b) related to the mapping of the 
Loch Lomond Advance limits by Sissons in the South-East and Central 
Grampians (Sissons, 1972a, 1974b, 1975a). Pollen analysis of sedi-
ments from sites inside and outside these limits, in the manner of 
Donner (1957), confirmed the Loch Lomond Advance age of these former 
glacial margins. 
This assignment of the formation of hummocky moraine to the Loch 
Lomond Stadial, and the growing assumption (originating from Sissons, 
1967, p.137) that Scotland was completely deglaciated before the Loch 
Lomond Advance was strongly contested by Sugden (1970, 1973a, 1973b, 
1974) and his arguments were discounted by Sissons (1972a, 1973a, 
1 9 7 3 b , 19 7 4a) • 
On the basis of morphological mapping in the Cairngorms, Sugden 
(1970) proposed that the Loch Lomond Advance was no more than a 
minor oscillation during the deglaciation of the main ice-sheet, 
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and that ice existed throughout the Lateglacial period over the 
Cairngorm mountains and in the adjacent Spey Valley. He also men-
tioned another possibility; that ice lingered in the corries of the 
Cairngorms as small glaciers throughout the Lateglacial. Sugden (1970) 
disagreed with the interpretations of the age of the hummocky moraine. 
He argued that in the Cairngorms, this morainic material was restricted 
to the heads of glens and was formed by patches of stagnant ice as the 
last ice-sheet decayed and became isolated from the surrounding plateau 
accumulation areas. 
Sugden (1970, p.215-216) concluded th~t 1 the Loch Lomond Advance 
was probably less significant over Scotland as a whole than commonly 
supposed', and that 'the Cairngorm equivalent of the Loch Lomond 
zn III readvance is problematical'. Sissons and Grant (1972) however, 
pointed Dut that Sugden (1970) had omitted an obvious limit to hum-
mocky moraine immediately off his detailed map of part of the Cairn-
gorms, and that this probably represented the Loch Lomond Advance 
limit in this area, evidence for which Sugden maintains is doubtful. 
Sissons (1974a) also mentions the contrast in size between fluvio-
glacial landforms; thus massive accumulations of outvTash in the Spey 
valley and meltwater channels cut to a depth of 30-50m in rock are as-
sociated with ice-sheet decay, while associated with the Loch Lomond 
Advance are delicate meltwater channel systems typically less than 
4m deep. These systems are absent from areas covered only by the ice-
sheet (Sissons, 1974a). 
Sugden (Sugden and Clapperton, 1975) was forced to reject his 
first hypothesis on the extent of the ice in the Cairngorm region 
because of a date of 13, 1 51 :!: 390 B. P. for basal organic sediments 
from a Lateglacial si.te in the Spey valley at Loch Etteridge -
(Sissons and \olalker, 1974). Sugden concluded that his alternative 
possibility (Sugden, 1970), that ice remained in the high corries of 
the Cairngorms, was now correct. Sugden and Clapperton (1975) again 
strongly critisised the use of hummocky moraine on the basis of:-
a) The discove~J of a Lateglacial stratigraphy at a site near Loch 
Builg, in the Eastern Cairngorms (Clapperton et al., 1975). This is 
inside an area referred to by Sissons (1967b) as hummocky moraine 
and shown by him on a general map of Scotland as being inside the 
Loch Lomond Advance limit. However, the area had never been mapped 
in detail by Sissons. 
b) That the alternative suggestion for the formation of hummocky 
moraine - the melting of stagnant ice restricted to the heads of 
glens - can satisfactorily explain its distribution. This is mis·-
leading as hummocky moraine occurs in other localities, and does not 
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account for the typical sharp downvalley limit of such moraine. 
Sugden has placed far too much emphasis on the use of hummocky 
moraine in the delimiting of Loch Lomond Advance glaciers. The maps 
published by Sissons and other workers are essentially based on an 
association of geomorphic features. These include 'the distribution 
of fresh hmmmocky, fluted, end and lateral moraines, drift and boul-
der limits, together with contrasts with periglacial features and 
supposed ice-sheet landforrns and sediments outside the readvance limits' 
(Gray and Lowe, 1977b, p.167). Also fluvio-glacial outwash, striae 
and erratics have been used. 
Many Loch Lomond Advance glaciers do in fact have well defined 
terminal and lateral rnoraines (e.g. in the N."i..J. Highlands (Sissons, 
1977b; Robinson, 1977) ). Fluted moraine is characteristic of Loch 
Lomond Advance glaciers (Sissons, 1976a, 1976b; Peacock, 1967; Gray 
and Brooks, 1972). In the North V.lest Highlands, with one possible 
exception, all fluted moraine occurs within the inferred glacial 
limits of the Loch Lomond Advance (Sissons, 1977b). Robinson, (1977) 
mentions that only two former glaciers out of 23 in the Applecross 
Peninsula have not left fluted moraine. A measure of the validity 
of the view that these features relate to the Loch Lomond Advance 
must be the inability (so far) of other workers to locate the three·-
fold Lateglacial stratigTaphy inside an inferred Loch Lomond Advance 
limit mapped in detail using these techniques. 
The detailed p2.lynological evidence from the La teglacial and the 
more numerous Postglacial sites shows that there has only been one 
period of cli1nate cold enough to have maintained glaciers in Scotland 
since deglaciation. With two possible exceptions, no former glacier 
has left more than one set of end moraines in Scotland. Although it 
is impossible to prove that all the moraines of the 'valley glaciation' 
are of the same age, it is logical to accept the simplest explanation 
and attribute their format{on to the cold sta~ial conditions repre-
sented by the pollen stratigraphy (Sissons, unpublished). 
Sissons (1974a) used standard glaciological theory to infer past 
climates from former glacial limits. While the climatic conditions 
of .the Lateglacial are discussed in detail in Chapter 8, two important 
papers, Sissons (1974a) and Sissons and Sutherland (1976) are discussed 
here as they are essentially a development from geomorphic mapping. 
In the Central Grampians Sissons (1974a) reconstructed a Lateglacial 
ice cap using mainly hummocky moraine, meltwater channels and periglacial 
features. The former ice surface was then contoured. If the assumption 
is made that ablation and.accumulation are linearly related to altitude 
(Schytt, 1967; Chorlton and Lister, 1971) the firn line may be calcul-
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ated from the areas between successive contours. The firn line for 
this Ga.ick ice cap \vas 790m, which meant that at the time of maximum 
advance, the firn line had only to rise another 115-190m to be clear 
of the ice surface. Further calculat-ions suggested that this ice cap 
(32krn ) coulcJ!easily have accumulated during the 500 years convention-
ally 2~llocated to the Loch Lomond Stadial. From the average firn 
line former summer tem1jeratures may be inferred using data provided 
by Ahlmann (1948) and later Liestol, (unpublished) .for modern 
Nor\vegian glaciers, a sui table present-day analogy to the former 
Loch Lomond Stadial glaciers. 'Assuming that precipitation in the 
Gaick area Has 80}'~ of its present value (less precipitation at lower 
temperatures and a partially frozen l:orth Sea), a July mecm temper-
ature of about 3°C at the 790m firn line is inaicated, corresponding 
to a sea. level t~mperature of about 7.)°C.' 
Continuing with a more complex analysis, Sissons and Sutherland 
(1976) were able to make further detailed climatic inferences from 27 
former Loch Lomond Advance glaciers j_n the S.E. Grampians. The glacial 
limits mapped in detail by Sis~ons (1972) were supplemented by other 
quantitative data relating to direct solar radiation, potential 
avalanching areas and .uotential snow-blowing areas. These factors 
were considered to influence the distribution and altitude of these 
former glaciers. 
Equilibrium firn lines for the glaciers while at their maximwn 
extent were calculated (as in Sissons, 1974a) and from these results 
a regional firn line using trend surface analysis was obtained. 
The regional firn line when corrected for the influence of direct 
radiation, had a gradient of 14.5m/km rising from 500m in the south-
east to 850m in the north-west. An equation was devised to indicate 
the appropriate average winter snow-fall on each glacier during its 
period of growth. Making an allowance for summer rainfall, an average 
annual precipitation map for the S.E. Grampians during the maximum 
of the Loch Lomond Stadial was produced. When compared with a map of 
present precipitation, the values are siwila.r but the distribution 
is different with more precipitation in the south-east and less in 
the north and north-west. This diffe~ distribution was explained 
by an increase in snowfall associated with south-easterly winds. 
It was suggested that these v1ere related to a rnore vigorous circul-
ation. Inferred annual average monthly sea-level temperatures were 
6oc 0 for July and -8 C for January. 
Sissons (1977a) presented the geomorphic evidence for 13 Loch 
Lomond Advance glaciers in the Cuillins and Eastern Red Hills of Skye. 
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~,rom calculations of the mass balances of these former glaciers, 
he concluded that 1 glaciers that flowed south and south-s·outhvTest 
from the ro.dia ting corries of the Cuillins were larger and had much 
lovTer equilibrium firn lines than those that flovred north and 
north-east ••• It is inferred that the pr.incipal snow bearing vTinds 
were from the south, snowfall being much higher in the South Cuiilins 
than in the north-east' (Sissons, 1977a, p.23). 
A generalized regional firn line derived using linear trend sur-
face analysis from the firn lines of 70 glaciers in the N.~;!. Highlands 
showed an inland rise from 350m to 700m. However this regional firn 
line incorporated considerable local discrepencies and it is not 
improbable that det~iled analysis using the methods applied in the 
smaller, more topographically homogeneous area of the S.E. Grampians 
may reveal a more complicated pattern. 
Previous Work in the Field Area. 
Geological Survey officers mapped the drift deposits of the field 
area, though their primary concern was with the solid geoloGry 
(Bailey, 1924, 1960; Lee and Bailey, 1925). With the exception of 
sheet 52, which has a separate drift map, the glacial mapping has 
been superimposed on the solid rock maps (Nos. 44 and 53). The 
The Geological Survey distinguished Morainic drift, boulder clay, and 
glacial and fluvioglacial deposits. 'Boulder clay' being absent, the 
most widespread glacial deposit is morainic drift. The distribution 
of this drift in many places coincides with the Loch Lomond Advance 
limits mapped by the \v.riter (e.g. the former glacier in a corrie, 
Camas a' Choirce, south of Ben Resipol, 1~776640), while in other 
places it relates to ice-sheet drift with no association with former 
glacial lirni ts (e.g. Glen Liddersdale, NM775585). No attempt \vas 
made to distinguish morphological features such a.s areas of hummocky 
moraine (these being mapped as·morainic drift). The Geological 
Survey envisaged that these drift deposits were the result of a 
valley glaciation stage during ice-sheet deglaciation. 
In a paper on the geology and physiography of Morvern Scott 
(1928, p.174) stated 'Glen Tarbert, Glen Laudale, Glen Galmadale 
etc. also show signs of valley glaciation, and small corrie glaciers 
were present in the glens south-west of the head of Loch a' Choire', 
although he did not mention any specific evidence for these former 
glaciers. 
Charlesworth (1955, Fig. 9, p.821) mapped a complex system of 
readvance glaciers in the field area. In the very general location 
of many of these Stage H glaciers he \vas correct, though in virtually 
every case their delimitation in detail was inaccurate (e.g. the 
eastern end of Glen Tarbert), while in other areas no evidence has 
been found to justify the proposed limits (eog. Corrie Reidh). In 
the absence of clear terminal and lateral moraines by Loch Linnhe, ·ry~ 
Charlesworth placed his Stage M limit south of Loch Leven, the Loch 
Linnhe and Loch Leven glaciers being mapped as confluent. This has 
since been modified by HcCann (1966b) but Charlesworth did correctly 
identify the limit of glacial readvance in Loch Shiel Bnd at th~ head of 
Loch Sunart. 
The large gravel deposit constricting Loch Linnhe at Corran has 
received more attention in the literature than any other geomorph-
ological feature in the field area. Early workers (e.g. A. Geikie, 
1901, p.502) thought that it v1as a raised beach deposit. Bailey, 
(15e4) accepted the view of Wilson, an officer of the Geological 
Survey, that the gravels were formed in a lake that was impounded 
between a 1innhe glacier north of Corran and a Leven glacier to the 
south. Peach and Horne (1910, p.495-496) suggested that the two 
largest lochans in the gravels \-.rere kettleholes in the '1OOft raised 
beach'. 
McCann (1961·) described the Corran gravels and suggested, on 
the basis of fabric analyses, that they were deposited by streams. 
He concluded that the fan had been deposited sub-aerially during a 
period of low sea-level. 
McCann (1966b)examined other outwash deposits on the West 
Highland coast and concluded that they 1 are large out,vash fana, 
deposited sub-aerially, \vhich mark the limits of a contemporaneous 
readvance of the Loch Linnhe and Loch Etive glaciers and indicate 
a considerable period of still-stand of the glacier fronts at a 
time when contemporary sea.-level was below or at about 30ft (9.1m) 
above O.D.' (r1cCann, 1966b, p. 87). McCann included a detailed des-
cription of the Loch Lomond Advance limit at the western end of 
Loch Shiel. 
Synge ( 1966) and Synge and Stephens ( 1966) disagreed "'i th 
previous interpretations of former glacial limits and proposed two 
separate readvances in the study area. Synge (1966) interpreted 
the absence of the '100ft (30m) raised .beach' in Loch Li1nihe as 
indicating a continuation of the Oban-Ford moraine northwards along 
the Morvern shore to Loch Linnhe. This readvance was thought to be 
of equivalent age to the Perth Readvance, and Synge (1966, p.325) 
said that 'large lateral moraines between Inversanda and Cilmalieu 
may indicate part of the ice margin at this stage'. A younger 
Connel stage of zn III age \vas placed at the outwash fans of Etive 
and Corran. Synge ( 1977) has again maintained that there were two 
glacial stages, with a 12,000 B.P. readvance ice margin extending 
from Otterferry on Loch Fyne northwards across the field area to 
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join Loch Lomond Advance ice in the Shiel basin at Pollock (NM 792688). 
No evidence has been found for Synge's moraines between Inversanda 
and Cilmalieu and his earlier readvance limit cannot therefore be 
accepted. 
Sissons (1967b) accepted McCann's general view that the major 
out,;rash spreads on the west coast of Scotland are all of the same 
age. Peacock (1970) summarized previous work in the field area, 
especially that of the Geological Survey, as part of a review of the 
glacial geolo~J of Western Inverness-shire. He described in detail 
the terminal ice limit cf the Shiel glacier though this is essentially 
restating McCann 1 s (1966ij interpretation. The figure (p.49) accom-
panying Peacock's paper of the Loch Shiel outwash complex is basically 
a reproduction of the drift map (Sheet 52) of the Geological Survey. 
The Loch Lomond Advance Limits in North-West Argyll. 
Introduction. 
The landforms in the field area were mapped on Ordnance Survey 
aerial photographs at a scale of about 1:25000 using a Delft Stereo-
scope with X 4 magnification. The details marked on these photographs 
were then checked in the field and where necessary alterations were 
made using a hand stereoscope. The relevant geomorphological infor-
mation was then transferred from the aerial photographs on to Ordnance 
Survey G.S.G.S. 1:25000 scale maps using a Zeiss Sketchmaster. 
The numbers in the following text have corresponding numbers on 
Figs. 3-1 and 3-2. Fig. 3-1 shows the geomorphological evidence for, 
and the reconstructed maximum limits of the Loch Lomond Advance 
glaciers in Kingairloch, Glen rrarbert and Glen Gou:b. Tho::;e for Loch 
Shiel, by Ben Resipol ·and Glen Laudale are sho1vTI on Fig. 3~2. 
Kingairloch. 
a) Glen Sanda. 
On the S.E. slopes of the Beinn Mheadhoin range small hummocky 
morainic mounds (2-3rn high) with many granite boulders are found at 
460iJ (N11 820494), and further dovmslope at 300m (N11 820484). \vest-
Hard there is a definite limit to hw.imocky moraine along the lo\..:er 
slopes of Mea.ll na h-Easaiche (2) at 320m. The hwmnc·cl.:y moraine 
below this liri:t:lt is very distinctive, 4-5m high and with a suggestion 
of N.W.-S.E. linearity on the aerial photographs. Although the 
latter is difficult to identify on the ground, it suggests that final 
ice Jltovement was towards Glensanda (a former settlement in Glen Sanda). 
The hwnrnocky moraine forms discrete mounds on the lower gentle slopes. 
The main area of ice accumulation was in the shallow corrie of 
Leac na Fidhle ( 3), due south of the swnmi t of B$ J:.fneadr..o.in. 
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Small fragmented sections of fluted moraine extend down-slope from 
over 500m to 320m trending in a south-east direction. These flutes 
merge into hlli!!mocky moraine south-wer;;;t of l1eall na Fidhle (A.). 
Fluted moraine wer;t of this point trends s.s.~...r., and do,..mslope at 
1~ 794497 becomes fragmented, lineated hmmnocky moraine,that indic-
ates a deflection of ice movement to the south-west. 
Hwnmocky moraiue occurs B,round 1-lM 793497 in the head of a small 
sha.llo\v valley. A well defined liwi t to thj_s woraine area runs 
downslope from 450m to 250m along the northernside of the valley; 
this is interpreted as marking the former margin of the glacier. 
Large graJ1i te boulders ( 3m ) are associated with the hwnrnocky moraine, 
together with perched blocks (e.g. at NM 792500). Although there is 
no end moraine, the abrupt limit of hummocky moraine strewn 1.vi th 
boulders is in complete contrast to the bare peat-covered ground 
outside this inferred limit (5). A dfift limit, with hwnmocky moraine 
below, marks the lateral position of t~e southern edge of this ice 
lobe. Its margin rises to 380m at NI'•1 787490 where the ice merged 
\vi th the second western ice lobe in upper Glen Sanda. 
Upper Glen Sanda, a glacial breach, merges \vi th the top of Glen 
Doire Dh§.iraich at NM 780485. A glacier descended to terminate in 
the upper part of the latter glen (6) where there is a limit to hummocky 
moraine, which is up to 5m high and consists of a yellow sandy till 
with incorporated boulders of rotten gronite. The southern edge of 
this former glacier is marked by a drift limit running east1-rards from 
NM 777481 to liM 796480 for over two kilometres. This drift limit 
initially rises from 200m to 300m in the upper part of Glen Sanda 
before descending eastwards dovm the glen to about 150m. North of 
this drift limit is a large area of hummocky moraine (7) with mounds 
reaching 6-7m in height, but becom~ng more sporadic in distribution 
further east. 
The southern drift limit (described above) dies out at ~I 796480 
and several small mounds of till in the valley bottom N.E. of this 
point suggest that the former glacier extended to within half a kilo-
metre of the sea (1). The final section of the Glen Sanda river 
east of these hummocks has a braided channel over coarse gravels. 
This may represent the eroded and reworked remnant of outwash derived 
from the glacier. 
b) The four carries south-west of Loch a' Choire. 
There are no moraines in any of these four north and north-
easterly facing carries. In Coire Reidh (NM 831511) and Coire Bari 
(l~I 810525) the valley sides are covered by hill slope debris. Thus 
a stream at 1~ 834508 in Coire Reidh has exposed numerous sections of 
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debris consisting of tTanite stones up to 30cm in size embedded in a 
light brown sandy matrix. The steep hill slopes and crags of these 
two carries are associated with numerous debris chutes and abundant 
scree. In Coire Ban, sections showing angular poorly stratified 
cranite stones and sand reach a depth of ~n (at liM 804518). 
The intermediate corries, Coire Beag (l{M 820513) and Coire nan 
Each (NM 810513), contain areasof ice-moulded rock, but there are no 
striae or roches moutonnees to indicate the former direction of ice 
movement. At the confluence of the carries is an area of dissected 
till (Nr1 823523). A large section has been cut by the river at 
1111 822524, exposing 5m of light grey clay Hi th unsorted rounded 
boulders up to 60cm in size. This contrasts with the sections of 
hummocky moraine (e.g. in Glen Uisge) where the incorporated boulders 
are more angular and the matrix contains a higher sand content. 
East of the Old Mill (NM 824525) an area of alluvial sand and 
gravel extends for over a kilometre to the head of Loch a' Choire. 
Although no\v cultivated, the area is scarred by a former braided 
channel system. Most of this alluvium may have accumulated during 
the Loch Lomond Stadial when conditions for weathering· in the drainage 
basin would have been more suitable than during the Postglacial. The 
The stream draining Coire Reidh has a comparable alluvial depo~it, 
this being a large subaerial fru1, now also cultivated, at NM 837523. 
The stre~~ has incised a cpannel into its surface. 
c) Coire Ghardail and Glen Uisge. 
Coire Ghardail (1) is a southerly facing glen rather than a corrie. 
That ice accumulated in it and flowed south-west to Glen Uisge is 
demonstrated by excellent fluted moraine that starts hich up on the 
back elope of the glen above 500m (2). The flutes are often initiated 
as a line of boulders and rubble abou.t 1ru high. Some converge and all 
increase in size down the valley. They form lines of mounds rather 
than a continuous ridge, individuc-~1 mounds being up to 5-7m high and 
from 25m to 200m long. Sections cut by streams in these moraines (e.g. 
at N!1 844567 2 .. nd NI1 845571) show a light grey till with granite boulders 
up to 1. 5m in size. Large ice-transr;orted boulders of granite up to 
4m are found in the elen, especially in the southern part. 
The majority of fluted moraine is confined to the central and 
eastern side of Coire Ghardail above the stream Allt a 1 CheallaicA 
(NM 845551). A poor drift limit at 500m (4) appears to mark the upper 
margin of the former glacier on the western flank of Faur Eheinn. 
The upper edge of small fluteQ moraine further south delimits an ice 
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8.ccumula tion area occupying ground west of the col that leads to Glen 
Galmad.ale (3). This fluted moraine records a s.vr. movement of ice that 
merged vTi th the glacier in Corrie Ghardail. 
vlhen the Ghardail glacier reached Glen Uisge, a glacial breach 
orientated N.W.-S.E., ice diverged to flow north-west to Loch Uisge 
and south-east to Loch a'Choire. The former ice movement up Glen 
Uisge is recorded by an extensive area of hummocky moraine and as-
sociated glacially transported boulders, extending from the south-
Hestern side of Corrie Ghardail over 2km to Loch Uisge (Nrr1 805550). 
There is a clear upper limit to this hummocky moraine along the lower 
flanks of Ceann na Coille ( 5), sloping '>Test-wards from 240m to 160m. 
An abrupt Hestern limit to these hwnrnocks marks the furthest extent 
of this former ice lobe (6). Sections through morainic mounds in road 
cuttings (e.g. at NN 827543) display an unsorted deposit of large rotten 
granite boulders in a lig-ht brovm sandy matrix. 
A small corrie glacier from Coire Shalochain (7) joined the ice 
in Glen Uisge. Fluted moraine in the corrie indicates a N.H. direction 
of ice movement, a drift lirni t at 300m nnder the slopes of Sgurr 
Shalochain (8) marking the former lateral position of ice along the 
southern side of Glen Uisge. A boulder limit (9) marks the terminal 
limit of the former glacier. Although it is obscured by forestry 
plantations, it is composed of large (up to 3m ) rounded granite 
boulders and is si1:1ilar to the limit at Acl:malea (see bel oH) • 
d) Glen Galrnadale. 
Glen Galmadale is a large glacial trough extending south from 
the summit of Creach Bheinn, Hith four carries (4,5,6 and 7) cut into 
the Fuar Bheinn - Beinn na Cille ridge on the western side, and two 
carries (2 and 3) in the N.E. corner of the glen. That an ice lobe 
from a corrie (3) descended into the head of the main valley is in-
dicated by the fluted moraine on the back '>Tall of the glen descending 
from 425m to 180m adjacent to the corrie. The fluted moraine becomes 
fra~aented ru1d merges with hlliT~ocky moraine on the floor of the glen 
at 1n1 874563. Fluted moraine 3 - 4m high in the adjacent corrie (2) 
extends from 480m to 300m. Between the two carries, a large medial 
moraine, some 15m high, extends down into Glen Galmadale. Initially 
located on the interfluve betBeen the two carries it became displaced 
to the western side suggesting the dominance of ice from the more 
easterly corrie (2). A section by the stream (at NM 874560) displays 
4m of light grey sandy till with granite boulders (40- 150cm). 
Most of the glen has a thick drift mantle, though often it is· 
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extensively tjullied. A poor drift li::ti t i::.> discernible on the eastern 
side of the glen, sloping from 380 to 250m in altitude. On the~st-
e ::n side of the c;len, 8, drift limit of 400m m;;.rks the former ice margin 
on the southern side of Coire a' Chuil lfuaich ( 4). :Further south two 
corries (5 and 6) both have areas of ice-smoothed rock but they lack striae. 
There is a poor drift limit on the northern side of the fanner corrie 
between 500m and 45011l ;;md another at 400m on the southern side of the 
latter. The burns draining these carries show sections of till (e.g. at 
Nr:r 866546, 2. 8m of till is over lain by 1. 3m of slope debris). Hany of 
the streruas hc_ve cut gulleys, and together with debris chutes, may have 
destroyed the upper limit of drift in :nany parts of thP- glen. 
The position of the terminus of the former glacier is uncertain. 
There is a low mound of till running across part of the valley at Glen 
Galmadale Lodge ( 1) , pro ba.oly an eroded frag;11ent of the drift mantle 
in the glen rather than a cons;tructional feature. South of this point 
is an area of fluvioglacial outwash (Nr1 864528) that has been reworked 
by the Galmadale River (and in places the sea, to form poor raised beach 
fragments) • 
Kingairloch : The Evidence of Glacial Erratics. 
The prime objective of t:.le erratics survey in this area was to 
provide evidence relating to possible glacial occupation of the four 
carries south-west of Loch a'Choire during the Loch Lomond Advance. At 
the time of the survey, it v12.s thought likely that corrie gle.ciers had 
existed in these steep-walled north to north-east facing carries, and 
that they might have merg·ed with ice from Coire Gharda.il and Glen Uisge, 
although there is no morphological evidence for a terminal limit in the 
Loch a'Choire area. The whole area is situated on the Strontian Granite 
outcrop, and it was thought probable that the survey might reveal a 
situation similar to that found in Glen Laudale or at Camas a'Choire, 
whereice-sheet erratics from east of Loch Linnhe may be foUU.d outside 
but not inside the Loch Lomond Advance limits. 
No relationship 'vas found between the distribution of meta~orphic 
erratics or granite boulders, and the probable location of the former 
glacial limits within the carries. Only two erratics were located by 
the survey in 23km of traverses (at :Nl·I 837510 and Nli 814510). Several 
Moinian Schist boulders were found in the stream bed a .. t NM823523, v1hile 
two other erratics have been recorded by the Geological Survey. The 
failure of the erratic survey in its objective was because of the ex-
tremely low number of ice-sheet erratics in the area (see Chapter 2). 
The distribution of gTanite boulders showed no consistent pattern. The 
high numbers recorded below some corrie back walls (e.g. NM 805520) 
suggest that many were rockfall debris, although this was not obvious 
in the field. 33. 
An attempt was made to map the distribution of porphyritic biotite-
granite boulders on part of the .porphyri tic gr8.nodioni te granite outcrop, 
to detennine the direction of ice movement in the carries. However 
no consistent difference could be determined between the two rock types. 
North of Loch a 1 Choire, there are again insufficient erra,tics to 
display any relationship with the Loch Lomond Advance limits. Thus, 
while the .evidence is limited, the study of erratics gives no support 
to the view that gJ.acie:rs existed S. \.J. of Loch a' Choire during the 
Loch Lomond Stadial. This accords ,.fi th the evidence given previously. 
The numbers of granite boulders do hov1ever reflect the Loch Lomond 
Advance limit at the Hestern end of Glen Uisge. For instance, along 
northing 55, 4 3 granite boulders ,11er:e recorded in 1 • Skrn outside the 
former glacial limit vThile 532 occurred, associ2.ted with hw.unocky 
moraine, in an equivalent distance inside the limit. 
Glen Tarbert. 
a) Coire an Iubhair. 
The terminus of a former clacier in this glen is inferred from 
the limit of sporadic morainic mounds (1). A drift limit traces the 
eastern margin of this former glacier northHards ?~long the eastern side 
of the glen. The glen swings round to the west v1here it joins the 
upper part of Gleann Feith 'n l\mean to form a glacial breach (3). On 
this now northernside of the glen, the drift limit rises from 450 to 
550m along the southern slopes of Beinn Bheag (2). Hw:lfuocky moraine 
( 3-5m high) is restricted to the vaJley floor \\rhile streams 211d debris 
chutes bring material do'ltm-slope to rest against the upper limit of 
drift. This drift limit extends along the head of the glen e.g. at 
NM 902630. 
A small tributary glacier in a small steep cor:rie high on the N.E. 
slopes of Garbh Bheinn (N11 912624) is suggested by the large areas of 
glacially smoothed rock below the inferred lateral ice limit, contrast-
ing with weathered, shattered rock outcrops above it. The western side 
of the glen has steep ice-smoothed rock walls (4) and, consequently, 
the [,'lacier margin may have been slightly higher than the inferred 
lateral limit at this l 1oint. Further s.:.:.:. a. poor discontinuous drift 
limit extends along the western side of the glen, sloping from 200m 
down. to the terminal liuit at a}:Jl..·roximately 50m (1). 
b) Inversanda. 
The limit at the eastern end of Glen Tarbert is marked by an 
abrupt limit to hmmnocky moraine and glacially transported boulders 
2km '"'est of Inversand2. (NM 926595). From this point ( 1) an outwash 
plain extends eastwards for nearly 2lan from a height (obtained by 
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levelling) of 1B.3m to Postglacial beach deposits at approximately7~ 
u.D. (a gradient of 5.6rn/lcm, ~.)ee ll'ic>4. 7). The river Tarbert is in-
cised v:ell below the upper part of the out\•Jash fan. Below a bridge at 
l11lti 933593 the river has meandered and destroyed much of the origin2.l out-
,,..r;.:l.Sfl surL•.ce. ~ections at NN 927596 exposed in the river bank show 
coarsely sorted and stratified gra,vels, \·lhile further dm·m stream another 
river bank section 2. 5rn high displays sCJnds and 5"!avels v1ith crude cross-
bedding, incor11orating small boulders up to 60cm in size. 
Along the northern side of Glen 1'arbert, a poor drift limit extends 
back from the former glacial terwinus (1) towards Coire a 1 Chothruim (2). 
Hummocky moraine (stre"Ym with boulders and reaching 6m in height) is 
found immediately inside the limit, becoming more SiJOradic higher up the 
glen towards the .former ice-shed. On the southern side of the glen, the 
glacier was confined by the ridge Meall a'Dhaghaid (3). P~ inferred ice 
limit is placed at 2501n on the northern side of the ridge. Below this 
limit axe large glacially transported boulders, till and glacially 
smoothed rock, while above are steep slopes of scree and angular rocky 
crags. Striae on the ice-smoothed rock indicate a \,rest-east ice move-
ment. As on the opposite side of the valley, hummocky moraine becomes 
more infrequent a,,.,ay from the terminal limit. 
c) Coire a' Chothruirn. 
This very steep sided corrie (4) is situated inwediately south of 
the summit of Garbh Bheinn. The lower slopes of the corrie are mantled 
in drift, but there is no obvious continuation of the drift limit from 
Glen Tarbert. The drift mantle has been extensively gullied, exposing 
sections of unsorted stones and boulders (up to 80crn) in a dark brown 
sandy-clay matrix (e.g. at Nr-1 897608). It is believed that ice from 
the corrie joined the adjacent large glacier. 
d) Coire nam Frilhallt. (5) 
This is the most easterly of three carries situated on the northern 
slopes of Creach Bheinn, along the south sicle of Glen Tarbert. The 
floor ;Jnd lowel· slopes of the corrie are thickly mantled in drift, with 
an indistinct limit on the western side at approximately 400m. The 
drift is extensively gulleyed, especially on the eastern side of the 
corrie where a possible upper limit of drift has been destroyed by scree 
and debris chute material. Large boulders up to 3m are found on the 
lower slopes and floor of the corrie 1vell a\vay from Postglacial rock-
fall debris. 
e) Coire Dubh (6) 
This corrie is west of, and adjacent to, Coire nam Frithallt (5). 
Hummocky moraine begins in the lower part of the corrie (NM 872598) with 
the hummocks increasing in size from about 3m to 8m over a kilometre 35. 
away in the bottom of Glen Tarbert. Drift is restricted to the valley 
floor (sections of till 3TC exrJosed at NM 871599) \<Thile the lower parts 
of the corrie rock-i..ralls are glacially smoothed. Large areas of ice-
moulded rock occur nt NH 866597 where ice flo\<red north-west out of the 
corrie c=~nd over-rode the 'corner' between the corrie side v1all and the 
side of Glen Tarbert. The marked contrast betv1een this polished rock 
and the frost-shattered rock higher up the valley side points to an 
ice limit along the we~tern shoulder of the corrie at about 380m. 
f) Coire Leacach.(7) 
Although the least Hell developed of the three cor:cies ori the 
south side of Glen Tarbert, this corrie formed the larcest accumulation 
area of ice. Fluted woraine descends from 550m and, converging on the 
present course of the stream All t Dui bhleac Riabbach (NI'"I 855595), 
illustrates the final north-westerly direction of ice movement. This 
fluted moraine is 8Ssociated with a, large number of boulders 
which become more numerous down slope from the former convergence of 
ice from the corrie and the adjacent flanks of Creach Bheinn. The 
fluted moraine is approximately 3m high, but bel01:7 350m these ridges 
become very fragmented and finally disintegrate to form an area of 
chaotic hummocky moraine (2-3m high) Hith boulders. 
An excellent boulder limit descends from the \<res tern ma,rgin of this 
area of hummock~ moraine (8), from 300m altitude down to the terminal 
limit of Achnalea (9). This boulder limit c2nnot be traced uphill above 
300m, but there is a margin~,l area where hummocky moraine dies out, 2nd 
here an inferred limit has been placed. 
g) Achnalea.. 
The boulder limit marking the western edge of ice from Coire Leacach 
can be traced down the :.:;ide of Glen Tarbert from 300rn to 2. point in 
the glen half a kilometire v1es t of the l1ead of Loch Sunart ( 9) . Large 
boulders, predominately granite and up to 5m in size, ru1d scattered 
along the southern side of the glen. There is 2n obvious distinction 
between the boulders comprising the boulder moraine and those derived 
from rockfalls from the valley side (e.g. at NM 542603), where the 
latter are more angular, are gravity sorted out and rela.te to a rock 
scar on the crags above. 
The boulder moraine is best developed on the northern side of the 
glen. Here, a massive spread of boulders - up to 4m in size, but 
never more than one boulder high - sweeps north-eastwards up the valley 
side above Achnalea, 1~ 851609 (Achnalea, Gaelic for 'field of grey', 
refers to the abundant grey granite boulders), to reach the plateau 
surface at 250m (10) sou~2km away from the terminus. This boulder 
limit was traced across the granodionite plateau to the north for 
some 3km before it descends to form a similar but inferior 36. 
terminal boulder limit in Glen Gour. 
_ill increasing number of morainic hwnmocks occur . we~·.;t of the present 
v1atershed in Glen Tarbert (NI1 898602). Extensive hw.illlocky moraine, the 
best developed in the field area, occurs west of NM 886602 down the 
valley for 3km to Achnalea. Individual mounds reach over 10m in height 
and sections (e.g. at NM 844603 and Nivi 861604) reveal a brmm sandy-
clay till with angular boulders and lesser debris. These mounds become 
smaller and more asyn:metrical 1 OOm a.bove the valley floor. The hummocky 
mora.ine is best developed on the I1oinian Schist, becoming more sporadic 
in distribution and decreasing in size ,,i th increasing distance west of the 
schist-granite contact. T1he hu:J~mocky moraine is completely replaced 
by boulders that mark the laterc..l and termir1al position of the glacier 
on the gTanite outcrop. 
h) Gleann Feith 'n -~ean. (11) 
The former ice margin along the northern side of Glen Tarbert from 
Coire a' Cholhraim (4) is marked by a poor drift limit under the crags 
of Heall a' Chuilinn (NN 392607) at about 400m. This limit fades out 
and cannot be traced round the edge of the ridge, but may be followed 
-along the southern side/of Gleann Feith 'n Amean (11). This limit rises 
to 550m at the eastern end of the glen, belov1 which is a large area of 
hummocky moraine. As in Glen Tarbert, this moraine is restricted tc the 
r'Ioinian Schist outcrop, and the hummocks decrease in size on the s-rani te 
outcrop. These morainic mound.s reach 5-6m in height, and decrease in 
size up the valley side, becoming more asJ~etrical. On the northern 
side of the glen, a former ice margin is placed 2.bove the limit of 
hwnmocky moraine at between 500 and 550~u.. 
i) Coire na Creiche (12) 
It is ·inferred ti.1at a glacier descended from Coire n2, Creiche (12) 
from an upper limit of 550m on to the gTanodionite plateau. This 
upper limit is distinguished on the basis of a contrast between ice-
smoothed rock below the liQit (especially on the corrie side walls at 
l\JN 877638) and frost-shattered angular rocks 2.nd r-u.bble above it. 
The glacier diverged as it left the restrictions of the corrie; some 
ice pro ba.bly flowed S. \.J. to join the Gleann Fei th .:l.mean glacier and 
descend into Glen Tarbert, while the remainder may have flowed north 
to Glen Gour. An area of hwmnocky moraine (liiM 865628) occurs where 
the glacier0 are believed to have merged, v1hile further north hummocky 
moraine is continuous across the plateau to Glen Gour. An ice-shed 
is placed at NH 865637. 
Glen Tarbert : Evidence of Glacial Erratics. 
The distribution of l\1oinian Schist boulders on the Strontian 
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Granite outcrop e.t the western end of Glen Tarbert supports the mor-
phological evidence (a boulder lin1i t) for a former r;lacial terminus at 
this point (Fig. 2.l.B). This limit is reflected in the erratics survey 
data by a large nwnber of boulders inside the limit, reaching a maximwn 
of 688 per kilometre along northing 60, between eastings 85 ~nd 86. 
Moinian Schist boulders decrease in number from the Hoinian Schist-
Stron"tian Granite contact tov1ards the former glacial limit, beyond vihich 
they are very rare. For example, alone:,' northing 615 the number of 
Hoinian Schist boulders decreases from the schist-granite contact 
towards the Loch Lomond Advance lirni t. Expressed as a pe.rcentage of 
surface boulders for every 500m over 31CJ'11 from the contact, the values 
for I'-1oinian Schist erra tics are 77~:-~, 5<},:~., 307~ inside the lirni t, and 
0. 9,)1b, Oj~-, a;; outside it. The corresponding increase in the number 
of granite boulders within 3km of the contact is remarke,ble (see Fig.2.l.A). 
A similar 1;attern of erratics distribution occurs along :bhe south side 
of Glen Tarbert e.g. northings 605 and. 600. 
Further north, the erratics survey illustrated the transport of 
I'1oinian Schist erratics on to tbe granodioni te plateau to stop at the 
boulder limit e.g. along northing 630 between eastings 875 and 865. 
Glen Gour ~nd Ben Resipol. 
a) Corrie nan Capull(13) 
In this corrie an inferred up11er limit is suggested by a contrast 
between ice-smoothed and frost-shattered rock at approximately 500m. 
Below the corrie is a large g.rea of hmnmocky moraine, \vhich is only 
2-3m high and is composed of light grey till r-r.i th sme,ll (up to 80cm) 
rounded boulders of granite and more angular stones of Moinian Schist. 
The margin of the former ice limit on the plateau is marked by a limit 
of boulders. These extend in profusion across the area of hwmnocky 
moraine 2Ild from a point east of Lochain Dubh nan Dubhen (14) to form 
a lateral limit to the former Glen Gour glacier. 
b) Glen Gour . 
. ~:.. lateral boulder liE1i t runs along tLe south .side of the glen 
from 350m at 14 to beloH 100m sane 2kJ,l further ~!est (15). Large boulders 
up to 5m are scattered along the hillside and on the valley floor. 
Small ~roups of morainic 1nounds occur sporadically in the glen for 
nearly 5km fro1u 1-JJVI 865660 to the terminal lir:1i t ( 15). These mounds are 
up to 8-10m high and are often covered with boulders. At l\J!r1 833636 a 
worainic mound has been partially destroyed by the river, to display 
4m of light t:;Tey sandy till. 
There is no definite lateral limit on the north side of the glen. 
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However, ~'.bundant larr,:e boulders are scattered in the vToodlands of 
Ariundle (16) ar1d if fully visible would :probably reveal a feature 
comparable to that on the opposite side of the glen. 'I'hese boulders 
and occaisional morainic mounds continue a,s fa.r south as NM: 822631, 
Hhere the terminal limit of the former glacier is placed. 
South of this point ( 1 5) is a deposit of eroded and revrorked 
fluvioglacial outv1ash. The river has cut through the gravels to rest 
on bedrock, leaving remnants of the outHash surface on the eastern side 
of the glen. The out\·rash surface slopes from 13.4 to 9.5;;1 though 
buildings and cultivation have destroyed much of the feature. Numerous 
sections along the river bank bet\,.reen N11 816624 and NM 815617, a gravel 
pit at NM 816625 2nd trenches dug during the construction of a new 
housing estate at Strontian, shoH cross-bedded and poorly sorted strati-
fied sand and gTavel. 11hey contain a variety of [:rani te and metamorphic 
stones, •!!ell-rounded and up to 35cm in diarne-ter. 
1'he erratics survey sbows that Hoinian m.etarnorphic blocks v1ere 
trru1sported down Glen Gour by the glacier 2nd deposited along the sides 
of the glen forming part of the la.teral boulder deposit (e. g. along 
northings 630, 635 and 640, betiveen eastine;s 83 and 84, 83 and 85 o,nd 
84 to 85 respectively). The total absence 8f such boulders along 
northings 625 and 620 supports the mor:;.•holOgical evidence for a glacial 
limit north of northing 625. 
c) Ben Resipol.:· 
Although the Loch Shiel Basin and Glen Hurich were occupied by ice 
during the Loch Lomond Advance (see beloH), there is little morphological 
evidence for an ice limit from the northern side of Glen Gour joining 
a probable southern lateral limit of the Shiel glacier on the north 
side of Ben Resipol. Boulders of l"Ioiniar:. Schist are found along northing::-; 
635 and 640 in higher numbers (mean 6. 7 /lan) than have been found on the 
granite outcrop outside other Loch Lomond Advance limits (mean 0.27/IDn). 
This suggests a possible former flm·: of southerly moving ice across the 
ridc;e of I1eall 2 1 Ghriuth (NI~ 823664) to overflo\., into the Loch Sunart 
drainage basin. 
This possibility is supported by striae at NM 827664, NI'1 836665 
and NH 828660, together with several further \·:est o.t 1'-lM 800654 and 
K·1 806654, all recording a southerly movement of ice. These striae are 
Ul)likely to be ice-sheet in age as a general east-west movement was 
then predominant; their location along the ridge precludes their for-
mation by any possible local movement of ice during deglaciation. ·The 
lack of morainic evidence may reflect the condition of the ice. Ice 
from Glen Hurich would be relatively clean because of the lack of 
nunataks supplying debris to the glacier. A tentative Loch Lomond Ad-
vance limit is placed running ,.,est from Glen Gour to Coire an t-Suidhe 
(NM 798662) via Coire Dubh (1~1 810655), on the east side of Ben Resipol. 39 
d) Camas a' Choire. 
A small glacier occupied this glen on the southern side of Ben 
Resipol during the Loch Lomond S tadial. In the :'r. J~. cornc:Jr of the 
glen (1) an upper limit of hummocky moraine at 400m is believed to mark 
the former margin of the glacier. This limit descends under the slopes 
of Be.fnn a' Choarainn to form a fragmentary end moraine at 230rn (2). 
This end moraine consists of a 101·1 line of hummocks up to 4m high, 
breached by the river and in other places probably by mel t\&Jater. 
A lateral drift limit runs steeply up the \vest side of the glen 
and is continued by the upper limit of fluted moraine in Coire Dubh 
at 400m (3). No extension of this limit can be traced along the 
northern back v1all of the corrie, but an interpolated limit may be ex-
tended to meet the upper limit of hummocky moraine at ~~ 785652. This 
hummocky moraine is up to 5m high and becomes smaller and more asym-
metrical up the valley side. 
The absence of.Strontian Granite erratics within the former glacial 
limits suggests their removal by the glacier (Fig. 2.l.A.). 'l1he 'vest,..rard 
carry of granite erratics along northing 64 stops at N!IJ: 780640, the 
upper limit of the former glacier, but erratics are found west of the 
glacier along northing 64 .• i:lhere the distribution of these ice-sheet 
erratics has not been subsequently disrupted it shows a gradual decrease 
of gTanite boulders aHay from the contact (e.g. along northing 63). 
Glen Laudale. 
A discrete glacier over 3km long existed in Glen Laudale during 
the Loch Lomond Stadial. The upper limit of this former glacier is 
recorded at 400m by fluted moraine starting just belov1 the back wall 
of Coire frQbh (1). These till ridges, 2-3m high, converge on the 
middle of the glen, increasing in size to a ma~imum height of 6m. Some 
of the flutes then become more fragmentary and form elongated hummocks, 
al thohgh still retaining alignment ivi th the original flute (e.g. at 
1~1 726583). Some of the smaller fluted moraine ridges extend contin-
uously for nearly a kilometre. At two places in the glen the glacier 
over-rode a rock knoll, depositing fluted moraine on the upbill side 
(at NM 723582 and 1~1 727581). Large numbers of boulders are scattered 
among these flutes, often on top of, or orientated along, the a~is of 
the moraine. Streams have cut across the fluted moraine in places 
e.g. at Nl1 726578 and NM 727580, to expose sections of light grey clay 
with unsorted angular debris. 
The glacier was constricted in the middle of the glen by adjacent 
high ground, and the fluted moraine ceases at this point (2). A good 
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drift limit, in places forming a bench 3 to 4rn Hide, marks the former 
lateral limit of the glacier on the western side of the glen (3). This 
feature extends northward at 8,bout 200m before descending steeply to 
the former glacial terminus (4), which is marked by the northern limit 
of hurmnocky moraine. Short fluted moraine ridges occur on the north 
side of the hillslope at YiM 735590, with longer ridges further down 
the glen at NN 738596. The northern end of this fluting along the eastern 
side of Glen Laudale coincides with the limit to hummocky moraine at the 
former glacier terminus (4). 
An outwash fan slopes steeply a\vay from the terminal limit, from 
20m to 7;n 0. D. (see Fig. 4- 6 ) • The present river has formed a flood 
plain at a shallower gradient belov: the level of the outwash .surface 
(which is overlain by 4m of peat). The fan covers over 0.5km2.. and extends 
to a rock knoll at Dunain (lJM 744605), v1hich previously \oTas probably an 
island in Loch Sunart. 
Glen Laudale Erratics Survey Evidence. 
The data collected on erratic boulders (Fig.~1) strongly support 
the morphological evidence for a Loch Lomona Advance glacier in Glen 
Laudale. The ice-sheet, moving Hestward across the area, left a de-
creasipg number of granite erratic boulders on the 1-foinian Schist from 
the western margin of the Strontiru1 Granite intrusion located 4km east 
of the glen. The northward-flowing Laudale gla.cier removed most of these 
erratics from the glen, depositing some at its snout, where a high con-
centration of granite boulders are now found (northing 600, between 
easting 735 and 740). 
The Loch Shiel Basin. 
Introduction. 
The largest glacier in the field area during the Loch Lomond Stadial 
occupied the Shiel valley. This Shiel gl~cier was a major outlet of ice 
from the large ice mass that existed over the Lochaber hills at this 
time (Peacock, 1970; Sissons, 1976a). In the northern basin the glacier 
was probably restricted to a deep glacial trough. Numerous striae alone 
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the shore of the loch between 210 and 248 record this last direction 
of ice rnovement. North of Ben Resipol the glacier reached the broc::~d 
western basin and attained a width of 4-km. At its maximum extent the 
glacier exceeded 25km in length. Ice ~ccwnulated in the western basin 
to a·depth of at least 100m. The glacier terminated at a comparatively 
small rock bar at Acharacle. On deglaciation the glacier left exten-
sive outwash gTavels. 
a) Acharacle. 
Several meltwater channels cut across the watershed of the western 
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basin of Loch Shiel and relate to the m~imum extent of the Shiel 
Glacier. There are no terminal or lateral moraines associated with 
this liiJlit. 
A rnel t1-1ater charmel to the east of the main road ( 1) crosses the 
northern watershed between Loch Shiel and Glen Moida.rt at approximately 
95m. Further west, a meltHater channel north of Dalnabreck (2) at an 
altitude of 90rn carried meltwater across the watershed to Loch 1~oidart. 
This channel is 10m deep, 20m wide and over 200m long, sloping north-
west-vTard. A large flat-topped kame on the southern side of the channel 
at 88m (Peacock, 1970) has a steep (20m high) ice-contact slope facing 
Loch Shiel, indicating deposition at the glacier margin. 
Three other melt-v1ater channels are located west of Acharacle. 
11.'hey are cut through the 'rock promontory' of Tom a' Chliabhain (4), 
a ridge "'i th a maximum altitude of 1 07m that extends north from the 
high ground of Ardnamurchan. This ridge partially encloses the western 
end of the Shiel basin and formed a barrier against \vhich the advancing 
glacier terminated~ A massive channel, over 40m deep, cuts through this 
ridge at Nr1 673680, its floor rising some 16m before descending to 
!Centra Hoss on the other side of the ridge. On the west side of this 
meltwater channel, cross-bedded fluvio-glacial gravels indicate that 
they were deposited by westerly-flowing water. The size of this channel 
suggests that it has originally been cut sub-glacially by ice-sheet 
meltwaters. 
A small mel tvTa.ter channel due west of Acharacle school starts 
abruptly at a height of 30rn on the eastern side of Tom a' Chliabhain 
(4). Heltwater deposited a small fluvio-glacial fan a.t the western end 
of this -alJ.annel, but its contact with the Kentra outv1ash has been des-
troyed by the construction of a garage. A third channel 250m long, 
30m deep and 40m wide is located in the S. \'l. part of the ridge at 
NM 674674. The surface of the Kentra outwash fan grades away from 
the floor of the channel, suggesting that the formation or re-utilis-
ation of this channel vias contemporaneous \vi th the formation of the 
outwash fan. 
Betv1een the Moidart hills north of Shiel Bridge and the rock bar 
of Tom a' Chliabhain to the south, the limit is amidst fluvio-glacial 
gravels. An ice-contact slope marks the approximate limit of the glacier, 
with the outwash surface slopi·ng westwards from this limit. From Shiel 
Bridge (3) this ice-contact slope (7-Sm high) runs south enclosing dead-
ice hollows infilled with nearly 5m of peat, and a kettle hole (contain-
ing Lochan a' Chunaidh) at NM 674684. A core from the margin of this 
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kettlehole recorded 0.85m of coarse g-rey sand on top of basal g-ravels, 
overlain by O.~n of peat beneath 6.5m of water. 
1'he dead-ice hollows are separated from the kettle hole and partially 
frorn each other by two small eskcrs, according to Peacock (1970). These 
features, 5-6m high and no more than 1 50rn long, are mor~·pro bably the 
remnants of a kame Geyic.rating the areas of decaying ice. A gravel pit 
at the eas te:cn end of one of these kamiform deposits (l~!M 67 4685) revealed 
sections 3-4w high of coarse sand and gravel, 1::i th slwnped 2.nd distorted 
bedding, indicating the ice-contact nature of the deposits. The well-
rounded stones and spar~3e sandy matrix have been stained bright yelloH 
by the percolating 1.va ters from the overlying peat. In t~~is pit the 
officers of the Geological Survey found marine shells, including 
Trophon clathratus and 9yprina islandica (Peacock: 1970). No shells 
were found ·oy the writer, despite· digging below the upper layers of 
sand and gravel that might have been affected by percolating acidic 
water. 
The ice-contact slope extends south from the kettle hole west of 
Acharacle church (1~ 675683) and to the east of the school (1H1 674681). 
Here it forms a low slope 2-3m high and dies out completely towards 
the large mel t'\>~ater channel at Nr1 670680. A terrace extends south--east 
for 0. 5km from Acharacle school, where it is at an altitude of 11.0 m, 
sloping up. tovJards the south-east to 12m C:.D. at NM 679675. Sections 
at :m1 681676 and :i.\11~1 678678 reveal sands and gravels '\vi th cross-bedding, 
sometimes disturbed. The terrace surface has been partially destroyed 
by streams, cul ti va tion and building. The feature does not JJOssess an 
ice-contact slope but the disturbance of the bedding points to ice-
marginal deposition. 
North of Shiel Bridge (3) the ice-contact slope is not visible, 
but sections in a large gravel pit (w~1 677692) indicate tnat the ice 
margin probably ran north-east from Shiel Bridge to the valley side 
2t ap)roximately Nl·1 682693- The gravel pit displays 4m of horizontally-
bedded sand Bnd gravel 1:Ti th small sets of crossbedding, indicating 
rapid deposition by fast flm·iing \•Ta ter. The sandy flow-till mentioned 
by Peacock (1970) was not observed. The gTavels are well rounded, up 
to 30cm in size and with few fines. This large material suggests the 
close proximity of the ice margin \vhen the gravels were deposited. 
Fluvio-glacial sands and gravels are found further east at Ningarry 
Park (N11 686695) c'nd at Dalnabreck (NN 703696) along the hillside above 
the level of the extensive outwash south of the main road. A small 
gravel pit at Dalnabreck (NI'-1 702695) shows 2 metres of cross-bedded, 
43· 
poorly sorted sonds and c,ravel~::. 
b) Kentra l"'oss. 
This is a lar~e outwash fan, some 3.5 x 1.~~ in size, completely 
covered by peat. The fan slopes westwards from the ice-contact slope 
at Acharc;.cle; the apex has a sub-peat altitude of 16.2;H at NM 673685, 
;Jescending to 4m at NT-1 648706 3k.m alt1ay, an 2.verage gradient of 5.4m/k:m 
(unpublished ~cottish Peat Survey height data). This compares fav-
ourably with gradients obtained for 1Jresent day outwash fans, e.g. 
Skeioararjoku.ll, tne largest sandur in Iceland, has a t:;radient of 
arJproximately 5m/km (Embleton and King, 1968, p.413). 
Sections in the fan all display dark yellov1 sands and gravels. 
At NH 667692 a small stream has incised itself into the edge of the fan 
revealing poorly sorted sands and gravels. On the S.E. side of the fan 
at Arevegaig (1~1 654682) a 4m high section consists almost entirely of 
sand. Fine cross-bedding structures indicate deposition by south·-· 
westerly-flowing water, while several clay and silt layers indicate 
periods of quiet water :ieposition. Numerous small sections around 
!\I11 661677 show exposures of fine gravel and sand 1t!i th 3m8.ll (up to 1 Ocm) 
sets of cross-bedding. 
These sections show a definite decrease in particle size away from 
the former ice margin. This relf!,tionship betv1een decreasing particle 
size 211d increasing distance from the apex of an ou twash deposit has 
been sho\\rn for seven modern sanders on Baffin Island (E'mbleton and Kins, 
1968, p. 417). Together \vi th the evidence of morphology and the sedi-
mentary structures, the vie''-" of the Geological Survey ( 1907) and HcCann 
( 1966~ l_). 93) that this feature vTas deposited subaerially '"hen the 
Lateglacial sea-level was at or below present sea.-level is endorsed. 
c) Claiah Moss. 
From Acharacle, out\fash extends east-v1ards for )km 2.s far a,s 
Lochan na Ceardoich (NM 756684). These fluvioglacial gravels occupy 
almost the entire basiE with the loch forming a na.rrO\f stretch of h•ater 
in the middle of the valley. Claish Ness is a huge ombrogenous bog 
overlying the out-v;as~o, the majority of Hhich is on the southern side 
of the loch. To the east of this main expanse of outw~sh, at Eilean 
Fhianain, ihe basin is constricted by Ben Resipol to the south and 
the increasing altitude of the Noida:rt hills on the north side of the 
lqch. The outwash surface becomes more fragmentary in this area. Kettle 
holes occur east of a rock bar at Tom Liaith (NN 736677). Along the 
southern shore of Loch Shiel froril ~~I 727683 to 1~1 745677, a highly ir-
regular shoreline consists of a series of partially drowned kettle holes. 
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A thin ts-ravel vromontory into the loch at NM 7 1; )680 is the remains of 
a ridge separating two adjacent flooded kettle holes. On the opposite 
shore, siiililar: drowned features occur (e. g. at N!•1 7 44685). 
The high2st fluvioglacial deposits are ka_rne terraces, 1H'i th sitnilar 
altitudes on the two sides of the loch (e.g. 19.3rn at NN 755685 and 
19. oill at Nl'I 75268)). Along the present loch shoreline ice-contact de-
posits have been exposed at the base of the steep ice-contact slopes of 
these kame terraces. For instance, a section 1.)m high at NI'-1 754685 
shows chaotic, disturbed bedding in sand and gravel. 
'rhere are distinct differences between the gradients and morpholog--y 
of different parts of Claish !1oss. Between Lcharacle and Tom Liaith the 
outwash underlying the moss is very flat, with no visible kettle holes. 
Its gradient is only 0.8m/km (Peat Survey data). Between Tom Liaith and 
the easternmost fragment of outv1ash however, the gradient is 3. 6m/km, 
approaching a, more typical value .ior a 
difference is unknown. 
Corran. 
sandur. The reason for this 
This large area of outwash markedly constricts Loch Linnhe and 
forms tJ.1e maximwn limit of a large Loch Lomond Advance glacier (McCann, 
1966b). The out\ofash fan slopes south-west from a maximui11 altitude of 
20.5m at NN 014636 to 12.8rn where it merges into raised beach deposits 
at NN 983629, a gradient of· 5. 7m/km (see fig.4~l.A ) . The average of 
seven accurately levelled heights for the highest outwash fragment 
(around :NN 013636) is 20.1m, with an average peat thickness of 2.4m. 
This contrasts with a height of 23.4m obtained by McCann (1961) using 
an Abney level. 
Gravel pits have exposed two large sections in this highest outwash 
frragment, at NN 015635 and NN 013634. Both show 3-4m of horizontally 
bedded sands and gravels vTi th poorly rounded stones up to 30cm long em-
bedded in a coarse grey sand, together with some small sand lenses &~d 
cross-bedding. The original ice-contact slope has been destroyed by 
marine action, but its former location would have been along the N.E. 
margin of the outwash. 
The outwash surface is pitted and partially destroyed by kettle 
holes. The two largest are occupied by Lochan Cladn a }fuuilinn (NN 
006636) and Lochan Croit an, Fhraoich (~m 008640), 22.5m and 13m deep 
respectively (Murray and Pullar, 1910), and were indentified as kettle 
holes in the '100ft (30m) raised beach' by Peach 2~d Horne (1910). 
McCann (1961) located another four, and the present author a further 
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four kettle holes. Of the latter, one is vT<:tter filled (N'w 003641) and 
two are infillecl by peat (f:fi\T 011636 and J:if.tif 003639). The fourth kettle 
hole forms a large circular depression at llij:'1 0026 36, some 200m in 
diameter. It ha,s been breached by a strea;n draining Corrie Du.bh (NI1 
990650) to che north-\vest and is partially infilled by sediment. 
500m south-west of this kettled area, at the foot of the hillside 
along the north western margin of the out1vash fan, is an old gravel pit 
(1'-TN 993637). Here, a 5m section has exposed slumped and contorted ice-
contact deposits. The beddings of the sand and GTavel is mainly clistorted 
and includes involution- type structures: t}:ere is a high proportion of 
2.ngulc:~.r debris in the fsTavel \vhich, together :Hi th the high clay content 
of the matrix, indicates the incorporation of ablation or flow till. 
The deposit has the morphology of a scree slope, formed by the slumping 
of material from a position between the glacier and the steep valley side 
during d.eglaciation. Further south-west, a mound of sand and .;Tavel has 
a steep ice-conta..ct slope ( 15-20m high) on its eastern side. 'l1hese 
kamiform deposits are above, and not related to, the outvwsh surface. 
Their formation is attributed to ice-sheet deca;y-. 
McCann ( 1961) placed the terminal limit of the Linnhe [;laciel' along 
the N.E. margin of the out~orash deposits, 'but the kettle holes in the major 
deposit show that the ice was at least as extensive as the kettled area' 
(Sissons 1967b p. 20). The preservation of the ice-sheet mounds (described 
above) confine3 the maximum limit of the Linnhe glacier to vri thin 500m of 
the perimeter of the kettled area. 
A corresponding fragment of the ou tv1ash occurs on the eastern side 
of Loch Linnhe. Although outside the field area, a brief examination \vas 
made of this deposit. Outwash extends from NN 022635 south for 500m to 
l\1N 022628, descending from an altitude of 21.0m to 12.81;1, a gradient of 
5. 2m/krn. These altitudes and gradients compare favourably vri th the 
adjacent outwash fragment west of Corran Ferry. 
Lt HN 025626, 2m of grey till overlie stratified gr2.,vels. Peacock 
(1971a) suggested that the several mounds in this area may mark the 
terminal glacial limit. .uo defir..i te moraines have been located by the 
writer but the section does sugc·est a minimal position for the ice margin. 
No 1Harine shells have been found in this deposit, or in c:illy other com-
pa,rable deposits of the Corran a.re2,. 
South from this section, the main road occupies a valley that may 
ha.ve been utilised as a meltwater route (l\JN 024623). A very impressive 
meltwater channel is found to the east of this valley, extending from 
~m 032624 southwards to Onich (NN 024616). It was described by Walker 
(1924) as a dry valley, whose floor is always less than 30m O.D., and 
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has been incised into the Appin Q~artzite to a maximum depth of 60m. 
At the head of the channel, tbe floor rises e.biuptly as a. near vertical 
rock wall, representing an old v/aterfal:Vsi te. It is suggested that the 
stream Junhainn Righ, which occupies a glen that runs east-west just 
north of the inferred ice limit, was prevented by the Linnhe glacier 
from draining into Loch Linnhe, and Has diverted southHards to cut this 
channel. The present course of the Amhainn Righ is north of the melt-
WEtter channel and the till section at NN 025626, draining into Loch 
Linnhe via, several \-!aterfalls from Gleann Righ. 
It is grobable tl·1at the Corran outwash fan originally extended 
right across Loch Linnhe and that mel t\vaters from the decaying ice north 
of Corran breached the deposit, probably destroying kettle holes, to 
allow the sea into the upper Loch Linnhe basin as the ice retreated. 
\vi th the establishment of a sea-loch north of Corran, tidal scour may 
have been important in forming the r)resent Corran narroHs. ~Tuch of 
the out-v1ash fan \·Ias subseq_uently altered by marine actj on; mainly 
erosional in the north, and depositional in the south. 
Loch Lomond Advance Limits Discussion. 
Fluted and Hummocky Noraine. 
Dyson (1952) first noted the association of fluted moraine and large 
boulders, and suggested that till mig~1t be sq_ueezed into openings in the 
lee of these boulders, hence producing flutes parallel lvith the direc-
tion of ice flow. Other \·JOrkers (e.g. Hoppe and Schytt, 1953) sought 
to explain the regularity of fluted moraine by proposinc a rhythmic 
formation process, Shaw and Freschauf (1973) proposed a. kinematic 
theory of flute formation by the erosion of a till sheet and the incor-
poration of the eroded material to form parallel ridges. 
Boulton (1976) returned to Dyson's ~J[planation of flute formation 
and maintained that flutes are constructional features. He sug.::.,ested 
a definition for a flute as being 'long parallel-sided ridges \vhich 
r::.:>flect accur2.tel;y the direction of ice movement 2-nd which form v1hen 
deforr;Jable subGlacial materials are intru.ded into tlmnels \vhich tend 
to open up on the lee sides of single rigid obstructions on the glacier 
bed' (Boulton, 1976, p. 287). 
In Scotland fluted moraine is a characteristic deposit formed 
durine the Loch Lomond Stadial, and is only found inside the advance 
limits (Sissons, 1976a). Sissons (1977b) noted that the associat!i..on 
of fluted moraine "'i th steep slopes suggests its formation by rapidly 
flowing ice, while Sollid (1973) concluded from a study of the deglaciation 
of Finmark that flutes are formed on steep slopes and rapid deg~laciation 
is characteristic for their preserv~tion. Ro~)inson (1977, p.83) found 
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that in the Applecross Peninsula. 'the areas of wost abupdc=;.nt e.nd well-· 
defined f1 u ted rnoi·aines are slopes facing nort:h to east' , and that 
'those glaciers that did not form end rnoraines were aJnong· those t£1a t 
produced most fluted moraine •••• this might imply a connection betvTeen 
rapid. dez;)C?.ciation and the non-forn1ation of te::~'If!ine.l features'. 
This situation is observed in Glen Lauclale, a north-f2.cine; glen 
Hhere the abrur>t limit of fluted nora.ine mar·ks the terminal position of 
the c;lacier. In tJ.1e stud;y e.:r-ea fluted morc:dne is found on !·,he steep 
back slopes of corries (e.e. Glen Laudale, Corrie Ghardail and Leach na 
E'ied.he). The maximum height of the fJ.uted 1:10raine is 5m, though in most 
cases it is bet\·!een 2 and 31!1 high. T-Iany flutes stc:trt e.s a line of 
boulders, betvTeen 0. Grn and 2w in size. This su_;_•ports the ideas of Dyson 
(1952) and Boulton (1976), \vhile the dist2.1 ends of some of the flutes 
also terminate ':.ri th several la.rge boulders ( 3-5m ) . Some areas of fluted 
moraine have a skeletal arrangement of boulders, })Os si bly 0\·Ting to the 
removal of fines during deglaciation or by Postglocial erosion. 
Fluted moraine is usually found e.t 8. higher altitude than hulTh110cky 
moraine, which is normally restricted in its loce. tion to a:r·eas \·.rhere the 
ice \·TOuld be expected to have melted last, na1nely the valley bottorJs. 
This Hould preswr1ablY, also be the location of· highest debris content 
in the glacier. Hummocky moraine is generally accepted as being formed 
during deglaciation (Sissons, 19671); Sut;den and Jolm, 1976) though it 
has been found outside the limits of the Loch Lomond Advance in Scotland; 
it is not so specific in its occurrence as fluted moraine. Humu.ocky 
moraine ofte1J has a random distribution. In some areas (e. g. Corrie 
Lea.chna Fiedhe) the fluted moraine reacl1es the bottom of the corrie 
back vl~ll, and becomes fragmented, forming hummocky moraine that retains 
the original align11ent of the flutes, suggesting tha.t the ice became 
stagnant immediately after forming the flutes. 
The Distribution and Preservation of Horainic Evidence. 
During the Loch Lomond St2.dial, glaciers occupied 130km2. of the 
field area, SOlile 197~ of the land surface. This ice cover consisted of 
the :.;outhern mar5in of a larL,e ice L1ass th2.t occupied the Western 
Highlands, two small ice caps and four individual valley glaciers. 
The Shiel glacier, onlJr the southern half of v!i1ich v.1as in the field 
area., was an outlet glacier for the larte Hest Highland ice mass, ex-
tendinG considerably beyond the extensive areas of high ground in which 
it was nourished. Initial ice accumulation in Glen Gour developed into 
two valley glaciers in a way analogous to ice accumulation in Glen 
Tarbert. However, the close proximity of Glen Gour to higher ground 
and to the major ice accumulation areas to the north lead to its 
coalescence with the major ice mass. The Tarbert glaciers, the most 
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southern extremity of this large ice mass, Here es:-~entially a local 
valley glacier system, nourished by local ice sources that only just 
merged v..rith the ma.jor ice ma.ss a.t one point (NM 865635). 
Of the t\vO independent ice masses: the one 8.t Glen Sanda w:-~s the larger, 
covering 10. ·~-km2 The other occupied Corrie Gharda.il and Glen Uisge, 
reaching Olun2. in size. rl1here v.rere fo,Jr incli vidual valley glaciers; in 
order of decreasing size these , .. rere Glen Galrnadale, Glen Laudale, Corrie 
an Iubhair <:~nd Camas a' Choire ( Fig.,.l&2 ). It is po:3sible that not 
all the glaciers that existed durins the Loch Lomond Stadial ha.ve been 
recorded. Likely locc:..tion::; Here checked on the air photogTaphs 2nd in 
the field. Some glaciers may not have left any evidence, \,,hi le in other 
ca.ses peat may h2ve obscured the limit; this vTOuld apply particularly 
to small glaciers, almost snow patches, that may have left only boulder 
limits. 
No glacier in the field area ha.s left a typical terminal and 
lateral moraine as an arcuate rid6·e of till crossing the valley. Out of 
14 glacier termini~ 7 of the 8 that have well preserved limits are \vest-
erly pr south-v-resterly in aspect, while the 3 that 8.re r;oorly preserved 
a.ll have an eastern orientation. 
It is difficult to explain this variation in terms of topography 
or geology. At Glen Uisge, the '"estern limit of the former glacier is 
clear while in the east it is not so easily located. Similarly in Glen 
Sanda, the t·:o \>lestern limits ,.,rere easily map_c.::ed Hhile the eastern limit 
is vague. All these limits are on the Strontian Granite and in no case 
is the topography prohibitive, or the areas of potential debris supply 
restrictive. 
The relationship between the aspect of a former glacier and its 
rnorainic legacy has been noted in other parts of Scotland. On the 
Isle of Skye, Sissons (1977a) found that the best end moraines were formed 
by south- and south-west-flmving glaciers while some north-east facing 
carries were unoccupied durinG' the Loch Lo;nond Stadial. In the Apple-
cross Peninsula> Robinson (1977, p.83) found that 'only one of the ten 
glaciers that terminated facing between north and north-east left a 
Hell defined end moraine •.•• the other glaciers terminating to the 
Hest wd south all po;:;sess terminal features except for two lobes'. 
Sissons (1977a, p.35) concluded 'approximately a hundred Loch Lomond 
Advance glaciers have been mapped in N.H. Scotland, the great majority 
of which formed end moraines. Collectively these moraines face in 
e~ery direction but most of the large moraines are associated with 
glacial termini that faced between south-east and west. Glacial termini 
whose maximal extent has had to be inferred from hummocky moraines al-
most all face between north-west and east. In some instances, these 
contrasts apply to the differently orientated terillini of a single ice 
mass' • 
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A major reason for the formation of end moraines by \vesterly a...YJd 
southerly facing glaciers may be that they are often larger and have 
lov1er firn lines tl12:n those Hi th Rn easterly or northerly orientc;,tion. 
Sissons (see be low) has inferred from this dis tri bu tion in N. vi. Scotland 
that these glaciers were supplied by southerly snow-bearing vTinds. 
Therefore as a result of the higher precipation that these southerly 
and westerly glaciers received, there may have been higher rates of ice 
accumulation and ablation on the glaciers associated vli th larger 
quanti ties of meltwater, providin()' a greater quantity of debris for 
moraine construction than would have been available to glaciers on the 
opposite side of mountains. 
Other factors may have influenced the amount and type of debris 
supplied to the glacier. \mere a small valley glacier had large ice-free 
slopes above, the morainic evidence for glacial occupation of the glen 
is cenerally good (e.g. at Camas a 1 Choire). A well-developed drift 
limit occurring below high crags is also indicative of a good debris 
supply. The replacement of hummocky moraine by boulders in Glen Tarbert 
with the change in rock type from Mdinian Schist to Strontian Granite 
suggests that the ability of the granite to provide only large boulders 
may have been a factor relating to the absence of an end moraine. 
However hwnmocky moraine is abundant on the same granite outcrop further 
south .in Glen Uisge. 
The absence of terminal or lateral moraines in association \vi th 
the large out\vash fans of Kentra and Corran is interesting. At Loch 
Shiel, it is inferred that the Kentra outwash ceased to be formed after 
the maAimum period of glacial advance : this is indicated by the lack 
of kettle holes in the surface of the fan. The gravels east of this 
limit, at Claish Moss, represent the deposits associated with deglaciation. 
Rapid retreat occurred back to a point above sec:t-level where ice from 
the adjacent areas of high ground maintained the glacier until total 
deglaciation occurred. It is suggested that an end moraine is not 
_present at Kentra because out\v-ash spread right across the terminal 
zone. Even if an end moraine had been formed (e.g. by glacial advance 
to this maximuru liini t) it would have been S\vept away by the large 
quantities of meltwater that must have accompanied the deposition of 
such an outwash fan. 
At Corran t:ae situation was different from Loch Shiel. It is 
probable that due to calving, the Liru1he glacier haQ been prematurely 
terminated, ru1d that the Corran outwash was formed only during deglaciation. 
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rrhus thi::> (·::mvironment of the glacier cc.lvinc into deer) 1,•later would. 
have J.Jrevented the formation of 2.n end moraine. 
Glacier Reconstruction. 
The Loch Loiilond Adv2nce 2,laciers of H. \•!. Argyll were re con-
s tructed and their surface El,rea and equilibrium fii·D line;;:; calculated 
follovTing the guide laid down by Sissons ( 197 4a, 1977~. The Glen Gour 
and Loch Shiel glaciers were omitted from these calculations as it 
was not possible to delimit the accwnulation areas of these glaciers. 
The reconstructed glacier surface • .. :as contoured at 50w intervals (Fig. 3.1&2). 
This was a useful exercise as the contours provided a constraint for the 
interpolated ice margins. As a result, it vTas necessary to make some 
adjustments to the inferred ice limit in places e.g. at Coire ~n Iubhair. 
The surface area of each glacier (excluding the former Glen Gour 
and Loch Shiel glaciers) was measured by superimposing a grid of 
squares with sides equivalent to 100m on the 1:10,000 map. Firn lines 
for the glaciers at their maximum extent have b::en calculated by as-
suming that ablation and accumulation gradients for each glacier v1ere 
linearly related to altitude (Sissons, 1974a) (See Table 3-1) 
Table 2-1. 
Data relatin8' to the Loch Lomond Advance Glaciers of N. \v. Arg;'Lll. 
Lowest Equilibrium 
Glacier. Area km Altitude Firn Line 
G. Uisge 8.03 15 338m 
G. Galmadale 8.23 8 390 
Laudale 4.56 25 286 
Coire an Iubhair 4.25 30 439 
Glen Sanda 10.39 10 359 
Glen Tarbert E. 5-64 25 384 
Glen Tarbert w. 17.26 10 405 
Ben Hesipol 2.17 30 349 
Palaeoclimatic Inferences. 
From the altitude of the equilibrium firn lines and the distribution 
of the former glaciers, two points arise for discussion. 
2... Glaciers with a southerly to westerly aspect are larger than those 
facing north to east. In the study area glaciers with a southerly or 
westerly aspect form 83~~ of the total surface area of the former glaciers, 
a percenta6 e that would be even higher if the Glen Gour and Loch Shiel 
glaciers had been included in the estimation. 
51. 
b. The equilibriwn firn line increases in altitude from 3.\v. to N.E. 
The Laudale c;lacier in the S. ill. had a . .f l rn line altitude of 286m, v1hile 
20krn N.E. the firn line altitude of the former Coire an Iubhain t;lacier 
w2>s 4 39m, a difference of 15 3m. This gives an approximate recional 
equilibrium firn line t_,radient of 7. 5m/k.m. T~1e a.verage firn line for 
the 8 glaciers is 369w O.JJ. 
This ~lacier distribution c.nd firn line 8>1 ti tude variation is sim-
ilar to those of other Loch Lomond Adve.nce glaciers in Y!estern Scotland. 
On the island of Skye Sissons ( 1977a) found that Loch Lomond Aclv2.nce 
glaciers ,.,i th a southerly aspect ·Here larger and had a lower equili b-
rium firn line than those t~;at faced north and north-east. From this 
he inferred that during the period of clacier accumulation the snow-
bearing vlinds were predolilinately fro:n the south. The a,verage firn line 
altitude for the Cullins of 499m is considerably higher than the field 
area ( 36~ and reflects a more pronounced 'precipitation shadow' effect. 
Considerably less snow must have reached the northern side of the Cullins 
resulting in smaller glaciers Hith high firn lines (e.g. 739m) while 
higher values of direct insolation in more southerly locations '.·.rere 
unable to overcome the influence of higher snowfall amounts. 
On the Isle of Rhwn (B2,ll2..ntyne 2nd \vain-Hobson, 1980) a similar 
pattern of Loch Lomond Advance glaciation \vas found to that on the Isle 
of Sh.--ye. The distributioh of the glaciers supports the inferrence of 
Sissons ( 1977a) of southerly snow· -bearing Hinds durin,::; the Loch Lomonc1. 
Sta>dial. The balance be tHe en the dominant direction of snow-bearing 
winds and increased insolation 'appears to h2.ve been most favourable 
for glaci~r accumula_tion in loca.tions .facing between 1·1est and north-
\vest and bet\·Teen east and north-e2"st. At more northerly as~1ects, de-
creases in insolation were 1~ore than offset by decline in snowfall, so 
that north-facing glaciers were small' ()·33J· The average firn li.ne 
altitude for the island is similar to tha,t for the field area, 356m and 
369m respectively. This probably reflects the com)arative closeness and 
siE1ilar relief amplitude of the tv10 areas. 
~\ence the distribution of Loch Lomond Adv2nce glaciers in the field 
area supports the ~roposal (Sissons 1977a) of southerly snow-bearing 
winds. This is clearly seen at Kil\S'8,irloch v.rhere the Glen Sanda ice-
cap existed on the soutJ]erly slopes of Be:jo Nheac!_hOin despite high 
insolation while there were no glaciers in the carries on the north-
ee.stern side of the mountain. The firn line altitudes reflect a more 
general trend of decreasing precipi te,tion in a north-easterly direction. 
Conclusion. 
The pattern of glaciation in the field area during the Loch Lomond 
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Stadia1 "':-:.:_; one of ice c:tccwnulD.ting m2.inly in co:r:r.:ies ::~nd descending 
to re-occupy the larce elacial valles-s 2.t lower altitude. The distri-
bution of theGe glaciers and the altitudes of their equilibrium firn 
lines supports the hypothesis of Sissons (1977a) that the source of 
precipitation , .. ,as from the south. 11he distribution of the L;1c.:.ciers 
in the study area may be ex1_)lained by cornpa.rison with the .for1ne~c 
t,l;_:_ciers of the Isles of Skye and llhurn, where the extent of the Loch 
Loch Lomond Advance c:laciem ',vas determined by a b2.lance between in-
solation and the direction of snow-bea:ring winds. 
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CHAPTER 4· 
THJ~ RAISED IviARINE SHORELINES C:B, PART OF NORTH-WEST ARGYLL. 
Previous ~</ork on Raised Marine Shorelines in Scotland. 
Early 1tJork : 1865-1960. 
In the first significant contribution to the study of raised marine 
shorelines in Scotland, Jamieson (1865) described and attempted to explain 
the sequence of raised shorelines formed during and since the decay of the 
last ice-sheet. From sites in the Forth and Tay valleys he inferred the 
following sequence of events: 
a) During the last glaciation the land was depressed by hundreds of feet 
and the sea flooded low ground. 
b) The land emerged while ice still covered part of its surface, the 
melting ice leaving ou:tv1ash deposits. 
c) Peat covered the formerly submerged land. 
d) There was a further depression of the land, by 7-9m in the Forth and 
Tay valleys, and carse clay was deposited on top of the peat. 
e) · A fJ.nal, unequal emergence then occurred, leaving the Forth valley 
beaches higher than others in Scotlan~. 
Like the initial ideas of the glacial sequence in Scotland, the clarity 
of this early elucidation became obscured by later work, and it was a 
century before further substantial contributions 1_.rere published. T!le 
subsequent confusion in raised shoreline studies after Jamieson (1865) 
may be largely attributed to a lack of appreciation of the theory of 
unequal·emergence and its implications, reflected in the practice of 
naming a raised beach by its height above present sea-level. The Geolog-
·' 
ical Survey was primarily responsible for this pr§-ctice, involving the 
'100ft (30m) raised beach', '50ft (15m) raised.beach' and '25ft (7.5m) 
raised beach'. Jamieson (1906) criticised this method of naming raised 
beaches, as did Wright (1914), the latter suggesting the term 'Neolithic 
raised beach' instead of '25ft (7.5m) raised beach'. As late as 1963 
Doru1er claimed to have identified 100ft (30m) , 50ft (15m), 25ft (7.5m), 
and 15ft (4. 5m) raised beaches at various p~aces 2.long the Scottish coast-
line, while King and Wheeler (1963) identified similar features in 
Sutherland. 
In 1911 Wright described a 'pre-glacial' rock :platform bet,'ieen 
28 and 4ln o.D. in the part of the Irn1er E.eb:r:-i0e? extending from }full 
to Islay. The more extensive lower rock platform found in the Firth of 
Lorn (the 1 25ft (7.5m) raised beach') was thought by early workers 
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, 1924) to be of Postelaci2l age as 
it Has covered by Pas tglacial raised be~:tch de )Osi t~:-:. 'ldright ( 1928, p. 100) 
des cri bed the Pos tgl2.cial sf~2. 2.s 1 the cliff -ma.ker ;..;ar- e;:cellence' , a.nd 
su,;:;·gested that tbe for.;iation of tlle rock platform re:s;resented a longer 
period tl:1an hac:J elR.l,·Sed '"ith the sea at its present position (\:!right, 1914). 
Three 2.rcheologists, 1·1ovius ( 1942), 1:-~cCallien ( 1937) and Lacaille 
(1948) questioned the use of heiehts to name ~ raised beach. They main-
tained that the 1 25ft (7.51~1) raised beach' of the west coast of Scotland 
(i.e. the low rock platform) could not :.,a.ve been cut in tl·le ti;ne av2.ilable 
during the Postglacial. Eence HcCallien (1937) relecated its formation 
to an interglacial 1~eriod. 
Later work: 1960 - 1968. 
Dormer (1959, 1963) attempted the first study of Scottish r2.issd 
beaches on the basins of their altitude, measuring them 2.t nearly 100 
loc2.tion~:; e:cour1cJ. the 3co.:ctish c:oc.stli!.c:. He drew isobases for the 1 100 
( 30m.) raised beach' , shoVTing the shoreline sloping a111ay from a centre 
at Callander, at an approximate gradient of 0. 1r,i/km. Dormer believed 
that, except in S.E. Scotland, the 50ft (15m), 25ft (7.5m) and 15ft 
(4.5w) raised beaches were horizontal. 
In an important _t.>aper in 1962 Sissons inferred that "the older 
beaches should be more steeply inclined than the younger ones" (1962, P·94)· 
He hypothesised that unequal emergence ha.d occurred, and as a result 
proposed the abandonment of the terms '100ft' and '50ft' raised beach 
then normally used in the literature. Sissons (1962, 1967) also criticized 
the methods employed in ot,taining height measurements on raised shore-
lines. Previous measurements of the heights of Scottish raised shore-
lines had been made either by Abney (hand) level (e.g. Bailey, 1924) 
or aneroid barometer (e.g. Dormer, 1963) using high-\'!ater ma.rk or the 
U.;_Jper limit of seaweed or barnacles as et datum. 'Such methods introduce 
in2 ccurc;.cies ti1a t ca.Dr.LOt be tolerated' ( Sissons, 1967b p. 167) . 
In 1966 Sissons, Gullingford ;3 :.d Smith des cri bed the sequence of 
sea-level changes they had identified in S.E. Scotland. This sequence 
forms the cornerstone of modern Scottish raised sJ:10reline studies. In 
outline it is as follows. 
a~ Six early Latefilacial shorelines associated with a retreating ice-
margin occur in east Fife, the oldest having a gradient of 1.25m/km, 
the youngest between 0. 58 and 0. 6m/km ( Culling·ford and Smith, 1966}. 
ij. The main Perth shoreline, backing the·most conspicuous Lateglacial 
raised beach in the area, was then formed after ice had wasted back 
towards the Highlands. The shoreline has a gradient of 0.43 mjkn1. Its 
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formation Has followed by a 15m drop in seo.-level altitude 1 !est of 
Stirling, implying that the ice stood at this point for soille time 
(Sissons and Smith, 1965). 
c). 'l1he formation of an erosional shoreline, backing an extensive buried 
cravel la,ye:c, occur:ced at the end of the Lateglacial. The shoreline 
slopes east1vards from Om O.D. at GraneeJYJouth with a gradient of 0.17m/km. 
d). A sequence of buried beacl1es underlies Postglacial carse and peat 
in the upper Forth valley (Sissons, 1966). The Eigh Buried Beach was 
apparently formed 1vhile ice stood a.t tlle l\1entei th Noraine. The l1cdn 
Buried Beach was believed to have been fanned about 9,500 yrs b.P. and 
the Low Buried Beach about 8,800 B.P. 
e). Sea-level reached a minimum level relative to the land at around 
8,500 yrs B.P. Peat that had accumulated on top of the then exposed 
buried beaches was subsequently flooded by the Main Postglacial trans-
gression, '"hich deposited extensive carse clay. Newey ( 1966) shovmd by 
pollen analysis that a salt-marsh vegetation colonized the two lower 
buried beaches, the succession then changing to a freshwater environment 
and then back to a marine environment. 
f). Following the culmination of the Postgle.cial sea, its level fell 
and three later shorelines have been identified in the Forth valley 
(Smith, 1968) . 
HcCann (1961, 1964, 1966a, 1966b, 1968) ha.s made the most significant 
contributions to the study of raised shorelines on the v.rest coa_st of 
Scotland during this ~Jeriod (1960- 1968). He demonstrated that the 
supposed '100ft (30m) raised beach' deposits at Corran (Loch Linnhe) 
and at Loch Etive are outw?-sh fp,ns deposited by glaciers when sea-level 
was belov1 lOm O.D.. fvicCann ( 1963) criticized correlations of retreat 
stages and raised shorelines made by \A/right .( 1914) and Charles1vorth 
(1955) at Loch Carron in the N.W. Highlands •. 
In 1964 McCann described in detail the high 'pre-gl:?cial' rock-
flatform on Islay 2nd Jura. From the extensive ;:;hingle deposits on Jura 
he concluded that the Lateglacial sea reached a maximum altitude of 30m 
(1OOft) with tv10 short he?,l t s t2ges during its regression from this 
mc:tximum. :fv1cCann (1966a) obtained some 70 heights on the Hain Postglacial 
shoreline between the Firth of Lorn and Loch Broom by levelling from 
Ordnance Survey benchmarks. He concluded that the shoreline slopes in 
a W .N. H. direction at a gradient of 0. 075m/km. Isobases v1ere computed 
for this shoreline using trend. surfB.ce analysis (McCann and Chorley, 
1967). McCann (1966a) did not identify any shorelines below the Main 
Postgla.cial beach, subsequently identified by Gray (1972, 1974b}, and 
McCann (1966a} was criticised by Gray (1974b) for including heights on 
the low rock platform in his analysis. 
56. 
l\1cCann ( 19 68) reported the 1 p:ce-glacial' high rock platform of 
'dright (1911) in parts of Rhwn, Skye 0nd Applecross. He described a 
decline in t~jis platform fro1:1 42m (140 ft) in Ardn2.murcha.n northwards to 
23m (70 - 85ft) in N.v.J. Skye, a,nd southvTard.s to 30:rn (100ft) in Islay. 
HcCann (p. 26) sought to exflain these v2,riations in altitude by ten-
tatively concludinG that 1 the lJlatforrn ag:peB.rf:: to he 2. composite feature 
and not the vroduct of a single phase of marine erosion'. In 1969, 
NcCann ;:;~..r1d Richa.rds suggested that there m2.y be two high rock platforms on 
Rhwn, the lower being the younger. 
McCa.rm( 1968) supported NcCallien 1 s ( 1 ~'37) view that the low-level 
rock l)latform of the Firth of Lorn Has of interglacial ac;e, deSJ·i te the 
inconclusive evidence for its having been glaciated. EcCann regarded 
it as a feature i:nh2ri ted by the Postglacial sea and he assumed t~~at 
the amount of erosion requi:ced for its formation was beyond the compet-
ence of the Postglacial sea. 
In 1966 SynLe and Stephens swnmarized their :previous work on raised 
shorelines in S.W. Scotland and N.~. Ulster (Synee and Stephens, 1960, 
1965; Synge, 1966), identifying 7 Lateglacial and 5 Postglacial shore-
lines. They agreed ,.,i th I"lcCann ( 1966b) in associating the Loch Lomond 
Advance glaciers at lochs Crera,n and Etive with a l01tl sea-level and obtained 
the same gradient for the Main Postglacial Shoreline (0.075m/km). 
However in a strong criticism of this paper, Sissons (1967c) doubted 
the ~elevance of many of the features measured, pointed out inany errors 
and inconsistencies, and questioned the subsequent correlations. This 
criticism has been later substantiated (e.g. Gray, 1974b; Sissons, 1976a). 
Recent Work 1968- 1S80. 
Surface analysis of 500 heights on the Main Perth Shoreline in the 
forth valley shows it to slope towards 109 with a gradient of 0.43m/km 
(Smith, Sissons and Cullingford, 1969). Cullincford (1972, 1977) iden-
tified four Lateglacial shorelines belov1 the H2in Perth Shoreline in 
the Tay valley, sloping down towards 103 'at gradients that diminish 
with decreasing age and altitude from 0.51 to 0.24m/km' (1977, p.15). 
Det;llled. measurements of the I~Iain Buried J3each by Sissons ( 1972b). 
showeci that it !Jas been dislocated in two places in the Forth valley, 
and that two stre.tches of it have been uplifted without being tilted. 
This evidence 'show& that the widely used working hypotheses that raised 
shorelines in areas of glacial rebound have uniform or gradually changing 
gradients is not of ·universal a1~plication' ••• 'the concej_)t of the shoreline 
relation diagram is called into question' (p.115). However,_ these dis-
locations appear to be of only local significance and do not invalidate 
the general conclusions concerning the shoreline history of the area 
(Sissons, et al., 1966; Sissons, 1976a). 
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Brooks ( 19_72) provided p·-·.lynoloGical data supporting the gee-
morphological evidence that the Main Buried. Shoreline is a single 
synchronous .feature, while nevr radiocarbon da tt::s on .uea t shoH that 
the sea abandoned the Main Postglacial Shoreline before 6,490!125 B.P. 
in the Hestern Forth va.lley (Sissons and Brooks, 1971). 
Jardine (1975) described a diachronous Postglacial marine trans-
gression along the northern shore of the Solvray Firth between 9, 400 and 
7,200 i3.P. The subsequent regression did not start till about 5,600 B.P. 
in the eastern, and 5?000 B.P. in t:ne r!estern part of the Sob·Iay Firth. 
However, despite 28 radiocarbon dates, the investigation is marred by the 
lack of a s11oreline sequenc2 c'.n·=:.. th8 f<::.il1..:rc to .tse l)Ollen analysis in 
Lateglacial and Postglacial beaches along the coastline of West 
Invernesshire/~g~eNo¥ieti;?"&.~scribed by Peacock (1970). High Lateglacial 
raised beaches occur up to 46m o.n. but are absent from the sea lochs, 
~·Jhile all Lateglacial beaches are absent from the u:pper parts of Loch 
Sunart 211d Loch Nevis. Pos tgle ... cial beaches are said to range from 5 to 30rn 
in altitude. These raised beaches 'take the form of a sandy or shingly 
platfonn backed by a low cliff with caves' (p. 53). This description 
does not accord with those found by the present writer in N .lti. Argyll. 
Gray ( 1972a, 197 4a., 197 4b) made a detailed study of the raised 
marine shorelines of the Firth of Lorn. The lovJ rock platform of earlier 
workers he renamed the Hain Rock Platform. It is associated with cliffs, 
undercuts, caves, e,rches 2 . .nd stacks. The rlatform is usually 25m in 
\·rid th out rc2,ches a mazirnwn of 150til, · ·' ~~- · ~J::.cl~ing cliffs up to 1 5m hic:h. 
Gray established that the rocJ-~ platform a=..o )·2S 1_rc;;-_: Jc~ .. m.:r:.'<33 ':!i. tl1 <: c:;r~_d.ient 
of 0. 16m/km. He ass·w11ed tha .. t t>e platform was of interglacial age, thus 
supporting the JlfcCallien - 1'1cCann argUt11ents. He attributed the slope of 
the platform to a downwarping off the west coast of Scotland, concluding 
that 'had eustr:--.tic and gla.cio-isostatic movements been solely respon-
sible for the,tontemporary eleva.ted position of the shoreline it would 
now be virtu2.lly horizontal'. (p. 95). The detailed levelling involved in 
this study revealed a 2m d.isloca tion of the rock platform in I1ull, pos-
sibly ciue to faulting ( Gray, 1974a). 
Sissons ( 197 4c) proposed that the Nain Rock Platform described by 
Gray (1974a) correlates Hith the Buried Gravel layer of the Forth Es-
tuary and tha. t it was therefore of La teglacial age. He named the as·-
socia ted shoreline the I'Iain Le_ tegla.cial Shoreline. A critical examin-
ation of HcCann's (1966a, 1968) descriptions of the rock platform led 
Sissons to conclude that the evidence of 'possible ice-moulding, striae 
and glacial drift associated with the platform' (Sissons 1974c, p42) 
was circumstBntial and not conclusive evidence that the platform was 
of an interglacial age. 
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'rhe formation of t1Jc Buried Gr8,vel Le,yo:.r.. .. in the :E'orth vc,lley is 
n::;:;tricted Gtratj_gra1:-hically to a date before about 10,300 :U.P. (i.e. before 
the .formati.on of the Hig·h Buried. Beach). As~uning the correlation with 
the I'-lain Rock Platform on the Hest coast to be correct, this requires the 
forJJlation of this extensive feature during the Loc~1 Lo:nond Stadial, a 
period of only some 1,000 years. Sissons (1974c)acknowledsed the ~roblem 
of 1_,rovidinc; a sui table Jiiecha11isrn for platforw forrnation 2nd SUGl:,ested a 
vigorous .'eriglacial climate, assisted b;;r serni-diurnal wetting of the fore.-
shore. 
Peacock (1975) objected to this interl)retation on the grounds that the 
rock platform forms a proHlinent feature inside the Loch Lomopd Advance 
limit at Cox-ran Ferry (McCann, 1966b) and that 'the writer has observed 
north of ObaJ1 a glaciatsd surface J_)reserved on the outer sub-horizontal 
part of ths platform' (~.175). The first point does not invalidate 
Sissons' interpretation and the second is irrelevant (Sissons, 1975b). 
Sissons (1974c)predicted that the Main Lateglacial Shoreline should 
fall below sea-level along the coast of Kintyre and that 'o~tside the area 
in which the Main Le teglacial Shoreline is above sea-level •.• some lo,,, 
ra.ised rock platfon.ts and cliffs may well correlate vli th the interglacial 
feature on the east coast of Ireland described by Stephens (1957). 1 From 
197 levelled heights, Gr::;.y (1978) shO\·Jed that in Kintyre the Main Late-
glacial Shoreline has a linear trend-surface slope, NE'- SH, of 0.12m/krn 
and a. quadr2.tic trend-surfe,ce gradient of between 0. 11 and 0. 16m/km. The 
resul tipg pattern of iso bases 1 is exactly that expected if deforma.tion 
from the horizontal Has due to differential isost2"tic u;lift .•• with a 
major axis 2.ligned approximately N - S over the Hestern Hi.s·hle.nds 1 C.-'.160). 
This \vork e.~·fecti vely sup2_Jorts tbe inference of Sissons ( 197 40) as the 
platform passes below sea-level along· Kintyre and forms a se_parate feature 
from the older Irish platform. 
Gray (1974b) tentatively identified tl:jo hig-h depositional Lateglacie_l 
Shorelines (LS 1 and LS 2) at aprJroximate heights of 25 and 22rn O.D. 
along the coasts of the Firth of Lorn" He attributed the absence of 
widespread Lateglacial shorelines 'to factors such as the steepness of 
the coastline and the r2pid rate of isost~tic uplift consequent on de-
c;lacia tj_ on 1 ( p. 1 32) . Linear trend surface a.Dalysis of 54 frag1nent 
averag·es for Hain Postglacial Shoreline (PS 7) indicated an isobase 
a.lignnen t of l·J 4 E - S 4 \·l, a11d a gredient of about 0. 05m/km. This 
gradient differs from tne values of 0. OBm/lan obtained from the Forth 
(Sissons et al., 1966) and 0.09m/l~ for the Tay estuaries (Cullingford, 
1972). It has been· suggested that this discrepancy may be the result 
of the furmelling effect of the Forth and Tay estuaries, together with 
possible cornplications of isostatic uplift on the west coast related to 
a separate Null ice-cap, (Gray a11d Brooks, 1972) . This gTadient of 
0.05m/km also differs fro1n that of 0.075m/km obtained independently by 
!-'I cC ann ( 1966a) 2nd Synge and Stephens ( 1966), a difference attributed to 
the field techniques and other li1fli tations of this early v1ork (Gray, 1974b). 
Gray (1974b) identified two definite Postglacial Shorelines (PS 3, 
PS 5) beloH the J.Iain Postglacial Shoreline (PS 1) and suggested the pos-
sible existence of a further two intermediate shorelines, PS 2 and PS 4. 
Calculated gradients for PS 3 and PS 5 are very low, e.bout 0.01m/km, 
values that approch the height amplitude for the individual shoreline 
fragments. These lower shorelines v;ere not identified by IvicCann ( 1966a) 
and do not correlate with those described by Synge a11d Stephens ( 1966). 
Gray suggested a :[)Ossible correlation between PS 3 and PG 3 in the Forth 
valley (Sissons et al., 1966) which has in turn been tentatively correlated 
with LC 1 in the Tay (Cullingford, 1972). In 1975, Gray ~rovided detailed 
evidence that the outvrash fans at Creran, Eti ve and Loch Feochan vTere 
related to a low sea-level of about 10 - 12m, as IvlcCann (1966b) had 
suggested. 
On the basis of micro-faunal and moll-L:tscan analyses, Peacock et al. , 
(1977) constructed a sea-level curve frcma site at Lochgilphead. It 
shows that sea-level remained between 4 and 1q,..o.D. from before 11,500 to 
11,000 B.P. This height range is in accord with a predicted 8,1 ti tude of 
the I1ain La.teglacial Shoreline at Lochgilphead of 7m 0.1). (Gray, 1978). 
Further north, Robinson (1977) in the Applecross peninsula· described 
a pre-glacial rock platform and fragments of Postglacial shoreline. 
She suggested that the highest fragments of Postglacial beach at approx-
imately 10m O.D. corresponded to the Main Postglacial Shoreline of the 
Firth of Lorn, but did not identify any lower shorelines. 
Conclusion. 
From the published descriptions of raised shorelines on the Hest 
coast of Scotland, the following possibilities were envisaged for the 
field area. 
1. High Lateglacial shorelines might occur, especially outside the sea-
lochs. 
2. The Hain Lateglacial Shoreline in the form of a distinctive rock 
platfonn should be present along the coast of Loch LinP~e and the Sound 
of Hull. From the predicted isobases of this shoreline (Gray 1974a) a 
slope westwards from 9:-!1 to 4m O.D. could be anticipated. 
3. A Main Postglacial Shoreline between 11 and 13m, with possibly two 
or more lower shorelines might be expected. 
After a brief outline of the methods employed in the present study 
of raised shorelines, the field evidence and subsequent analysis-of 
raised shorelines in the field area will be presented. The shorelines 
will be described in chronological order. 
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IVJ:ethous and Analysis of Raised Shorelines in the Field Area. 
Field Methods. 
The raised shorelines were initi~lly located on 1:25,000 aerial 
photographs, suppleHlented by the 1:63,360 Geological. Survey d:cift" maps. 
The raised shorelines were then ma1;ped in detail at a scale of 1 : 10, 560 
in the field. 
Shoreline and out~t1ash a,l ti tudes Here measured by levelling, using 
a Hilger & vlatts automatic level and a graduated n1etric sta.ff. Hiller 
boring rods v1ere used to measure the thickness of any peat overlying 
the shoreline or ou tHash, the avera~e depth of fJea t being obtained from 
3. nwHber of probes. Points were levelled at 30 to 50m intervals a.long 
the back o.f the beach or platform, the distance being measured by pacine. 
Closing errors in the levelling 1,.;ere no more than 0. 15m and were typ-
ically less than 0. 03!:!. 
Nearly all the levelling \,ras from Ordnance Survey benchmarl-:s. 1-'Iost 
were .1:·elated to sea-level at Nev1l;yn, though in soue areas, old benc!.unarks 
related to Liverpool sea-level were used. In this case a conversion 
fc..ctor was applied, being t:ae average height difference betHeen the 
nearest Liverpool/Newlyn benchmarks. 
On two occasions sea-level was used to transfer heights (Gray, 
1975b). Sea-level \vas recorded simultaneously a.t a poi11t close to an 
Ordnance Survey benchmark and at another location, close to the remote 
shoreline fragment to be levelled. Sea-level at the first location 
was obtained -by levelling from the benchmark \vhile sea-level at the 
second location was as:_.umed to be at the sarne height. The raised shore-
line fragment \vas then levelled from a mark J(lade at this second location. 
Raised beaches that did not possess e well-defined shoreline, or 
had a slope related to 2 local source of·sediment supply such as a 
stream, were not usually levelled. Frabments oi rock .:::latform \vere 
also ignored \vhere boulders Hnd talus obscured the back of the platform 
or where the platform surface \o./2 .... :3 very irree;u.l2.r. S~lOreline frac,·111en ts 
were su1j~2ctively gracled during levelling into 3 classes, indicative of 
their state of formation and preservation:-
GRA.D~~ A : Flat-topped raised beaches or a rock platform vli th a flat 
surface and well developed shoreline. 
GRJillE B : Beaches sloping gently seawards or a slightly irregular 
rock platform, Hith a small amount of talus debris along the shoreline. 
GfuLDE C : A sloping beach or an irregular rock platform (interrupted 
by geos, dykes etc.). Large amounts of talus or sub-aerial fan debris 
along the shoreline, with streams and rivers influencing beach deposition. 
The field maps and the location of each shoreline and outwash 
altitude measurement were then transferred, using a Grant projector: 61 
on to a tracing of the new 1:10,000 O.S. maps with the National Grid 
lines marked on them. Eight figure grid references were obtained for 
each levelled height from the tracing (see Appendix A), a copy of which 
constitutes Figs. 4.1. A to 0. 
Analysis. 
Individual shoreline and average fragment heights were plotted on 
height- distance diagrams. This method has been extensively used by 
workers in Scotland (Sissons, 1963a, 1966 et al.; Cullingford and Smith, 
1966; Gray, 1974a, 1974b) instead of the shoreline relation diagram 
where it is difficult to comply with all the assumptions involved (An-
drews, 1970; Gray, 1972a). 
Each shoreline height was plotted against the y- axis and the 
distance along the x- axis. A shoreline was then identified as an 
alignment of poi~ts. Linear regression analysis was used to calculate 
best fit lines by which the shorelines are depicted and the gradient, 
or amount of tilting of each shoreline is obtained. Linear regression 
analysis has only been used on the average height of each fragment. 
This avoids the clustered distribution of shoreline heights and the 
autocorrelation and dependence of residual platform heights unsuitable 
for regression analysis (Gray, 1972a, 1972b). 
Gray (1974a and b) stated that for the Main Rock Platform (Main 
Lateglacial Shoreline) and the Main Postglacial Shoreline, isobases 
were approximately N-S. Therefore to provide a check on the orientation 
of the equidistant diagram, three diagrams were constructed in three 
different directions; 255 -75 , 270 -90 and 285 -105 • Since the 
shoreline gradient for the east-west projection was less than that for 
either of the two adjacent projections, 
for the shoreline diagrams. 
High Lateglacial Sealevels. 
this orientation was used 
No direct morphological evidence for an early Lateglacial sealevel 
has been found along the coastline of the field area. The absence of high 
raised beaches from the inner sea-lochs of this area was recognized by 
Wright {1936). He concluded that these lochs were occupied by glaciers 
during the formation of the 100ft (30m) raised beach. Peacock (1970, 
p.53) has delimited an 'eastern limit of high level Lateglacial beaches' 
in the sea lochs of Western Invernesshire and has related this to a 
possible still-stand or readvance. 
Sissons (1974c) suggested that there might be a correlation between 
the dislocation of the Main Perth Shoreline at Stirling, the drop·of the 
marine limit in the Loch Fyne-Loch Long area, the limits described by 
Peacock (1970) and a drop in sea-level recorded in the Beauly and Cromarty 
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Firth associated with ice-sheet decay (Ogi]ve, 1923). The evidence men-
tioned by Peacock (1970) in the field area is a raised beach at over 35m 
(116 ft) on the south side of Loch Sunart at Glen Crispdale. These 
deposits were not found by the author, though it is possible that Peacock 
may have been referring to earlier, unpublished Geological Survey 
records as the area is now densely forested. Thus for N.W. Argyll this 
correlation must remain speculative. 
Evidence for a still-stand or readvance during ice-sheet decay is 
accumulating (e.g. Robinson, 1977; Ballantyne and Robinson, pers.comm.) 
In Chapter 2 it was suggested that the final movement of ice in the 
field area occurred in the sea-lochs. Despite the absence of associated 
ice-sheet moraines this remains the most plausible explanation for the 
lack of high raised beaches in the field area, especially along Loch 
Sunart. 
There are several local factors that may also have prevented beach 
formation. Much of the coastline of Loch Linnhe and the Sound of Mull 
is steep with a cliffline that has left few areas suitable for beach 
deposition. Elsewhere, early beaches may have been destroyed by sub-
sequent Loch Lomond Advance glaciers and their related outwash deposits, 
e.g. at Inversanda on Loch Linnhe or at Laudale on Loch Sunart. Thus it 
seems reasonable to attribute the absence of high Lateglacial raised 
beaches in N.W. Argyll to the occupation of the inner sea-lochs by ice 
together with a combination of local factors. 
Loch Arienas. 
This is the only part of the field area where a high Lateglacial 
se~evel may be inferred. East of Loch Arienas a sui~ of fluvioglacial 
terraces have been preserved in the lower part of Gleann Geal. These 
terraces descend from approximately 40m at NM 710504 to 25m east of 
Claggan school house (NM 699497). A gravel pit in a large terrace at 
NM 704505 reveals 3m of coarsely bedded fluvio-glacial gravels, including 
Strontian Granite erratics. The location of the terraces suggests that 
meltwater derived from Gleann Dubh and Gleann Geal drained along the 
present course of the River Aline to Loch Aline. 
During deglaciation, meltwater and stagnant ice must have occuped 
the Loch Arienas basin and may have formed the area of flat low-
lying ground between Loch Arienas and Loch Doire nam Mort (NM665520). 
The water-shed between this latter loch and the sea at Loch Teacius is 
at a height of 29m. It is possible that meltwater from the Loch Arienas 
basin drained across this watershed to Loch Sunart at an early stage in 
deglaciation, possibly before the Sound of Mull became ice free. 
The terraces in Gleann Geal are presumably related to a Lateglacial 
sea-level. They terminate 2km away from the present coast at Loch Aline, 
and there are no shorelines in the valley of the River Aline, though 63 
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being deposited. Gray (1974b) described early Lateglacial beac~es at 
an altitude of 22m on the opposite side of the sound of Mull at Craig-
nure, and it is therefore possible that the Gleann Geal terraces relate 
to a sea-level at approximately that altitude. 
The Main Lateglacial Shoreline. 
1. The Main Lateglacial Shoreline : Landforms. 
The Main Lateglacial Shoreline is represented by a rock platform 
that is developed with varying degrees of clarity along parts of the 
coastline of the field area. A rock platform was only mapped as such 
where there is a backing cliff. The rock platform has an average width 
of 8m but varies from a few to 25 metres. Cliff height is between 2 
and 15m with 5m being a typical figure. These dimensions are considerably 
less than those for the platform fragments in the Firth of Lorn, described 
by Gray (1974a, p. 81), which are 'generally 20-30m wide but vary from 
less than 16m to over 150m'. 
The rock platform attains its best development in the field area 
on a headland of Old Red Sandstone conglomerate at NM 910553. Here 
the platform is 25m wide with ~ backing cliff 8-10m high, associated 
with several caves and undercuts. 
This contrasts with the poor development of the platform on the 
Strontian Granite of the adjacent Loch Linnhe coastline. For example 
from NM 924566 to NM 914554 the platform varies from 1 to 4m wide with 
a corresponding cliff height of 2-5m. The platform is very uneven, 
its surface dissected by eroded Tertiary dykes, while large boulders 
rest along the back of, and occasionally cover the platform. Further 
south, at NM 888544 and NM 837487 the development of large alluvial 
fans prevented platform formation. Between Glensanda (NM 823467) and 
the Sound of Mull there are only occasional fragments of rock platfrom 
along an otherwise steep and rugged coastline. This 12km stretch of 
coast is entirely composed of Strontian Granite. 
The rock platform is extensively developed on the Tertiary lavas 
along the Sound of Mull. FQr instance, a platform 15-22m wide with a 
backing cliff 5-12m high extends for nearly 2km N.W. of Ardtonish Point 
(NM 693425). West of Loch Aline, the rock platform is found for over 
10km, from NM 650451 to NM 580493. Accumulations of rubble and boulders 
at the base of the cliff and degradation of the seaward edge of the 
platform are not uncommon. As a result, ~Jthe platfo:rm usually lacks 
the clarity it has where cut into the Old Red Sandstone conglomerates. 
The average width of the rock platform on the Tertiary lavas is 13m 
while cliff height is usually between 4 and 15m. The latter figure 
reflects the influence of the terraced structure of the lavas, which 
favours cliff formation. There are several shallow caves and 64 
undercuts associated with the platform, and in one place (NM 606466) 
an arch eroded through a dyke stands 5m high above the platform. 
The rock platform is absent from most of the coast line composed 
of Moinian metamorphic rock (e.g. a 4km stretch of coast from Corran 
Ferry to Inversanda). An exception to this is a platform that extends 
for 500m along the N.E. shore of Loch Teacius (NM 623575). This 
platform fragment (average width 15m and cliff height between 8 and 
10m) is unusual because not only is it cut into a rock type that is 
elsewhere resistant to erosion, but it also occurs in an extremely 
sheltered and almost freshwater environment. No local geological 
factor explains the former point, but the erosive effect of freshwater 
as described by Nansen (1921) (see below) may explain the latter. 
A rock platform has not been mapped along the sheltered coastline 
of Loch Sunart. This absence is attributed to the fact that the 
coastline is composed of Moinian Schists and Strontian Granite, com-
bined with a sheltered environment. However, ·extremely faint fragments 
of a possible platform exist in the more exposed western parts of the 
loch (e.g. on a small island and a promontory at NM 647601). 
2. The Main Lateglacial Shoreline : Height Analysis. 
A gradient for the rock platform of 0.15m/km was obtained from 
10 fragment averages of A and B grade using linear regression analysis 
(Fig. 42). Individual shoreline heights with their corresponding 
8 figure grid reference and the average heights for each shoreline 
fragments are listed in Appendix A. This shoreline· gradient of 0.15m/km 
compares favourably with the overall gradient of 0.16m/km obtained by 
Gray (1974a) for the rock platform in the Firth of Lorn. The direction 
of the gradient obtained by Gray was east-west, this direction being 
used in the present analysis. 
In an analysis of 7 fragment averages of A and B grades and 5 
fragment averages measured by Gray (1972a) along the northern coast 
of Mull, the gradient for the rock platform in the Sound of Mull is 
0.13m/km (see Fig. 4-~. The rock platform slopes from approximately 
7m at Ardtornish Point (NM 692425) to 5m and Drimnin (NM 562528). If 
an extra 9 C grade fragment' averages are included in this analysis, a 
larger gradient of 0. 12m/km results • This shoreline gradient 
is rejected because of the effect of the shoreline heights on degraded 
sections of the platform in the Drimnin area. There are insufficient 
fragment averages to justify the use of trend surface analysis. 
The rock platform is morphologically similar to that described .by 
Gray ( 1974a) and has a comparable gradient and therefore a similar age. 
It is assumed to correlate with the Main Rock Platform described b.Y 
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Gray (1972a, 1974a) in the Firth of Lorn and eastern Mull, renamed 
the Main Lateglacial Shoreline (Sissons 1974c). 
3, The Main Lateglacial Shoreline : Age. 
The present writer accepts Sissons 1974 interpretation that the 
rock platform of the Firth of Lorn described by Gray (1974a) and the rock 
platform of N.W. Argyll described above were formed during the Lateglacial. 
Some of the arguments put forward by Sissons (1974c) for a Lateglacial 
rather than an Interglacial age for the rock plarform in the Firth of 
Lorn are supported by the present study. No evidence has been found 
that the rock platform has been glaciated: thus there are no striae, 
till or erratic boulders on the platform. It might be argued that such 
evidence may be concealed by the peat that covers parts of the rock 
platform. This is considered doubtful, however, because in several 
places (e.g. NM 909554 and NM 623462) the platform has been cut into 
ice-moulded rock. Striae are present here above and below, but not 
actually on, the platform. 
4. The Main Lateglacial Shoreline Formation. 
The proposed correlation of the Main Rock Platform in the Firth 
of Lorn with the Buried Gravel Layer in S.E. Scotland and the assign-
ment of its formation to the Lateglacial by Sissons (197~ presents 
two problems: 
i) that of providing a suitable mechanism for the formation of the 
platform in a limited time; • 
ii) that of providing a period of relative land/sea-level stability. 
i) A Mechanism for Platform Formation. .. 
The "established" Lateglacial chronology (Sissons, 1976a) requires 
that the shoreline has been formed during a period of roughly 1,000 . 
years. This is a comparatively short period of time for the erosion of 
a rock platform by conventional marine action. For ex~ple, sea-level 
has been roughly constant for the last 2,000 years and no comparable 
erosion has taken place in this time. Hence it seems necessary to in-
voke speeial conditions for the·production of the platform. 
When proposing the Lateglacial age for the rock platform Sissons 
(1974c)suggested that it was formed by frost action in a peri-glacial 
climate, aided by the semi-diurnal wetting of the foreshore zone. This sub-
aerial mechanism seems quite ;5easi ble with an estimated mean J:9l~--. _ 
0 . 
temperature of 5 C during the Loch Lomond Stadial (Sissons, 1976a). 
Gray (1978) has reviewed possible mechanisms for rock platform formation 
and concludes that frost action must have been of prime importance, 
though it is difficult to find a present example in the world of condit-
ions comparable to these that probably existed during the Loch Lomond 
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Stadial in Scotland. 
There is a disagreement about the effectiveness of marine-erosion 
on present-day high latitude coastlines (Sugden and John, 1976). McCann (1972, 
et al. 1972) investigated the ice-foot on high arctic beacges in Canada. 
He found that the ice-foot persisted for a large part of the open-
water season, and together with pack-ice, considerably reduced the 
effectiveness of wave action on the coastline during the brief open-
water season. The occasional large storm under favou±able open-water 
conditions may be very important in debris removal and beach erosion. 
Davis (1972) suggested that the presence of frost-susceptible rocks, 
freshwater and periodic wave action were vital to the effectiveness of 
freeze-thaw action along polar coastlines. Sollid (1973) described 
rock platforms in northern Norway, and suggested that they were primarily 
the result of frost action, not marine denudation, and that the platforms 
have been eroded irrespective of exposure. 
Nansen (1921), in a long paper on the formation of the Norwegian 
strandflat, provided excellent descriptions of the action of frost in 
the formation of rock platforms and his comments and observations are 
extremely pertinent to the present discussion. Nansen concluded that 
wave erosion had been of but little direct importance for the planing 
of the strandflat of northern regions, compared with the erosion effected 
by frost in, and just above, the shoreline (p.'29). He proposed the 
term 'shore erosion by frost' (p.29) and suggested that the confinement 
of rock platforms to high latitudes confirms the suggestion that frost 
action is the crucial mechanism for their formation. 
The erosive effect of freshwater is far greater than that of salt-
water, and Nansen suggested that this may account for the formation of 
rock platforms in sheltered areas; an upper layer of freshwater is pre-
served, and is not mixed with the denser seawater in a low-energy 
environment. The erosive effect along the foreshore caused by this 
upper layer of freshwater will be consider~bly greater than that achieved 
by the mixed salinity water of a more exposed coastline. 
The 'ice-foot' may be important in providing meltwater for freeze-
thaw action: 'the accumulations of ice and snow along the shore will 
year by year eat themselves landwards, making the shore-bench broader, 
and forming a higher and higher cliff ••• thus the typical shore of 
Arctic lands is developed' (Nansen, 1921, p.33). Nansen also suggested 
semi-diurnal freezing of the shore as a possible mechanism for platform 
formation, but strongly discounted the possibility that pack ice or 
icebergs could have a significant role in the formation of rock platforms. 
The most important function of marine action is the removal of frost-
. shattered debris from the platform, to prevent insulation and therefore 
further freeze-thaw cycles. 67 
This account conflicts with the view of Zenkovitch (196}.) con-
cerning the importance of frost action in the erosion of a coastline. 
'It is now thought that the ice usually protects the shore from wave 
action during the cold months. Abrasion forms specifically related to 
the action of ice have nowhere been found, and there is no proof that 
coasts consisting of approximately identical rocks are more rapidly 
destroyed in Polar seas, or in the seas that freeze over, than in those 
that are always free from ice ••• it is impossible to agree that the 
shores of polar seas recede mofe rapidly than shores in the temperate 
zone as a result of frost weatnering, and the formation of the strandflat 
cannot be ascribed solely to this process' (Zenkovitch 1961, p. 170). 
However, analogies with high latitude, micro-tidal polar coastlines may 
be misleading, where much lower winter temperatures for longer periods 
of the year considerably reduce the effect of frost action. Thus the 
opinions of Zenkovitch may be strongly influenced by work from the 
high Arctic coast of the U.S.S.R. The more temperate maritime conditions 
of Norway are probably a more realistic analogue to Loch Lomond Stadial 
conditions. 
PLATFORM. 
In an attempt to determine the factors that have influencdd 
platform development, especially to assess the relative importance of 
marine and sub-aerial processes, the following analysis of the rock 
platform in the field area was undertaken. 
Method. The development of a rock platform was considered to be a 
function of lithology, directiop of dominant winds and the exposure 
of a coastline segment. These factors are inter-related, especially 
the last two, and the problem was to examine the independent influence 
of each factor in the formation of the rock platform. 
· For every 1km point along the coastline of the field area where 
the Main Lateglacial Shoreline has been mapped, a point was marked on 
the 1:50 000 map. For each point the following data were obtained:-
a) Lithology (rock type) 
b) Platform width. 
c) Height of the backing cliff. 
·d) Aspect of the site, this being the orientation of a line drawn 
normal to the coastline at this point. 
e) The length of fetch along lines at 20° intervals from true north, 
measured to the nearest 1mm on the 1:50 000 Ordnance Survey Map. 
Various independent and dependent derived variables were generated 
from these input variables by a FORTRAN program, PLATFORM. The derived 
variables were :-
a)The minimum volume of rock removed (i.e.icliff height x platform width). 
b) The maximum volume of rock removed (i.e. cliff height x platfcb:rm 
width). 
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c) Platform width /total length of fetch. 
d) Approximate length of fetch normal to the shore. 
e) A measure of the exposure of each site based on the number and size 
of fetch measurements. 
f) Total fetch. 
g) A v-ector for exposure. 
These independent and dependent derived variables were then regressed 
on each other, using an SPSS Scattergram package on Edinburgh Uni-
versity's 360/370 IBM Computer. 
Results. The quality of the input data was too poor to warrant the 
complexity of the analysis. However some correlations may be tenta-
tively suggested:-
a) Total fetch was apparently more strongly correlated with the volume 
of rock removed (an indicator of platform development) than was fetch 
normal to the coast. This may be expected if marine action was impor-
tant in the formation of the platform, as the narrowness of Loch Linnhe 
and the sound of Mull would result in the longer, oblique fetehes being 
more important. 
b) The maximum and minimum volumes of rock removed were regressed against 
total fetch. This distribution showed that well developed platforms 
do not occur in sheltered localities, but that small platform widths 
could occur on exposed sections of the coastline. 
c) Exposure, irrespective of fetch, does not appear to correlate with 
platform width. 
These results are considered inconclusive in supporting either 
marine or frost action as the dominant agency in platform formation. 
ROCK TYPE AND PHYSIOGRAPHY. 
The Main Lateglacial Shoreline is poorly developed around the coast 
of N.W. Argyll. The average platform width measured at 1km intervals 
along the coast where the platform is present is only 8.2m. This com-
pares to rock platforms generally 20-30m wide, but varying from less 
than 10m to over 150m in the Firth of Lorn (Gray, 1974a p.81). From 
field mapping a relationship was suspected between platform development 
and rock type. The mean platform width for the sedimentary conglom-
erates, Tertiary lavas, Strontian Granite and Moinian Schists are 20.8m, 
12.7m, 10.1m and 6.3m respectively. Using a chi square test, there is 
a statistically significant difference between platform widths on these 
different rock types at the 0.05 level. With a t - test, the null 
hypothesis that there were no significant differences between mean· 
platform widths cut in differ~nt. combinations of rock types, was rejected 
at the 0.05 level. 
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These statistical differences between mean platform widths on 
different rock types demonstrate that the lithology of the coast line 
is an important factor in determining platform development. The large 
majority of the platforms mapped and surveyed by Gray (1974a) were cut 
into rocks that are less resistant to marine erosion and frost attack 
than those of the study area. Well develQped rock platforms are found 
around the islands of Shuna, Lismore and Kerrara, and along parts of 
the adjacent mainland coast. These platforms are cut into Dalradian 
limestone and slates and Old Red Sandatone conglomerates. 
Very little information is available on the susceptibility of 
different rock types to frost action and marine erosion. Zenkovitch 
{1967 p. 175) stated that observations on the granite coastline at 
Murmansk in winter showed that 'not even the slightest ledge is formed 
in such rocks at contemporary sea-level, let alone anabrasion niche'. 
In describing submerged sections of the strandflat~, Nansen {1921) stated 
that there is a typical difference between platforms on granite, or 
similarly resistant rocks and those cut in limestone or other less re-
sistant rocks : th~former are narrow, less clearly defined and have a 
very uneven surface while the latter are flat, broad and well defined. 
A further factor that probably influenced platform development was 
topography. The very steep nature of the Loch Linnhe coastline in the 
field area (iescribed in Chapter 1) may have reduced the efficiency of 
wave action by the 'rebound' or 'breakwater·effect•. The sea at its 
present level has had little effect in destroying ice-moulded rock 
along the coastline of the field area (e.g. at NM 623461) and it is 
probable that the rock platform along this steep coastline is almost 
entirely due to frost action, the role of waves being merely that of 
debris removal. Nansen (1921) mentioned work by Vogt, who described 
ledges 8-12m wide cut in gabbro OD extremely steep fjord walls. These 
ledges are rough and the surface angular, showing 'no appreciable 
traces of having been rounded by the waves' (Nansen, p.36). 
On the opposite shore of Loch Linnhe and the Firth of Lorne 
(outside the field area), marine erosion may have been more effective 
owing to the low relief of the coastline, while the more sheltered 
environment may have enhanced the effectiveness of frost action by pre-
serving an undisturbed fresh-water layer over salt-water. Combined 
with rocks that were probably more susceptible to marine erosion and frost 
action than the harder rock s of the field area, this may help to ex-
plain the contrast in the development of the rock platform between the 
different areas. 
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ii) Providing a period of land/sea-level stability for Platform Formation. 
The second problem relating to the formation of the rock platform 
during the Lateglacial is that eustatic sea-level change and isostatic 
uplift must have been approximately balanced. Gray (1978,p.~ suggests 
that 'the rates of rise of land and sea were closely matched in the 
Firth of Lorn thus explaining the clarity of the features there, while 
away from this area isostatic recovery was too slow for optimal devel-
opment', thus explaining 'the progressive decrease in clarity (of the 
platform) in all directions away from the Firth of Lorn'. However 
the rock platform is excellently developed down the west coast of Jura 
(McCann, 1964; A. G. Da~son, unpublished) and exists far from the 
centre of isostatic uplift in the Forth valley and beyond to St. Abb's 
Head (Sissons, 1976b). .mhis distribution of the shoreline requires 
comparable rates of land and sea-level change over much of Scotland. 
There is a greater probability of an isostatic-eustatic balance over a 
large area if the rates of change are minimal. There are several pos-
sible reasons for this. 
Isostatic rise may have been minimal because:-
a. Most isostatic uplift had taken place prior to the Loch Lomond Ad-
vance. This is illustrated by the difference in shoreline gradients 
between the earliest East Fife shorelines {1·~25m/km), the···Main Perth 
Shoreline (0.43m/km) and the Main Lateglacial shoreline (0.17m/km) in 
the Forth Valley (Sissons, 197~. The two former shorelines were as-
sociated with ice-sheet decay, that was probably completed inthe central 
Grampian Highlands by 13,000 B.P. (Sissons and Walker, 1974). 
b. Ice-sheet isostatic uplift that was still occurring during the 
Lateglacial may have been diminished by the development of Loch Lomond 
Advance ice-caps over the Western Highlands. This may be reflected 
in the difference between the two early shoreline gradients and the 
Lateglacial shoreline gradients sited above, though it is not possible 
to determine the proportion of the gradient difference attributable to 
either ice-sheet isostatic rebound or the accumulation of Loch Lomond 
Advance ice. The effect of the latter may be illustrated by the isobases 
of the Main Lateglacial Shoreline. The centre of isostatic uplift for 
this shoreline is approximately coincident with the main area of ice 
accumulation during the Loch Lomond Advance (Gray and Lowe, 1977). 
Eustatic sea-level rise may have been minimal as:-
a. Considerable eustatic sea-level rise from the ice-sheet deglaciation 
had already taken place. For ins·tance Hughes, Denton and Crosswald, 
(1977) postulate rapid deglaciation of the Arctic Ice Sheet, with 'an 
initial major recession of peripheral terrestrial portions as opposed 
to later major retreat of interior marine portions' (p. 601). Deglaciation 
of the former ice sheets may have had a greater effect on eustatic sea-
level than the latter due to the displacement of the marine portions 
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by sea water. 
b. Glacial advance of the Scandinavian ice-sheet may have slightly de-
creased eustatic rise during the Lateglacial. 
Postglacial Raised Shorelines. 
Postglacial Raised Shorelines Landforms 
The Postglacial raised shorelines of the field area consist of 
raised beaches composed of sand and gravel. These beaches are conspic-
uous as their well-drained soil forms the best agricultural and often 
the only flat land in the field area. The raised beaches may be divided 
into two catagories. 
1. Small depositional raised beaches. These beaches have a scattered 
distribution, their location and size being related to a local source 
of sediment, invariably a river. A typical size for these beaches is 
about 500 x 500m (e.g. at Kinlochteacius, NM 655545) though some are 
no more than 20m broad and 80m long (e.g. at Camas Salach, NM 684613). 
Most of these smaller beaches slope steeply at right angles to the shore. 
Some of the larger raised beaches have/~econd lower shoreline, but many 
slope seaward to merge with the present storm beach. Nowhere in the 
field area are there more than two shorelines in succession. Fossil 
beach ridges and epi ts are not uncommon and there are several exaJII.ples 
of a raised tombolo, the best being at Camasachoirce (NM 768606). 
Sediment supply, and hence beach size, varies with the different 
rock types of a drainage basin. At Barr (NM 620564) a large area of 
raised beach deposits (up to 1km wide) is related to a comparatively small 
river, but here soft Mesozoic rocks crop out within the drainage basin. 
Alternatively, along the coast of Loch Sunart, many raised beaches have 
suffered from 'sediment starvation', resulting in a thin layer of 
beach material with Moinian schist outcrops protruding through the 
beach (e.g. at NM 757610). Along the Loch Linnhe coastline south of 
Cilmalieu to NM 837487 there is an unusual beach sequence. The Post-
glacial sea has partially eroded several large alluvial fans and has 
re-deposited this material, together with that from probable smaller 
fans that were completely destroyed, to form several long fragments of 
raised beach. These beaches slope seaward and also slope away from the 
apex of each fan, making objective altitude measurement of the shore-
line difficult. 
In several areas the height of the raised beach has been influenced 
by the Main Lateglacial Shoreline. The rock platform has provided a 
shelf on which the beach material has subsequently been deposited. 
This is beat seen at several locations along the Sound of Mull, e.g. 
Savory Bay (NM 641456), Fiunary (NM 615466) and near Killundine 
(NM 519496). 
2. Raised beaches associated with the Loch Lomond Advance outWash. 72. 
A more complex and larger series of Postglacial beaches has been formed 
by the erosion and subsequent re-deposition of part of these outwash fans. 
The best example of this is at Corran, where the Postglacial sea 
has eroded the higher northern part, and redeposited material on the 
southern margin of the outwash fan. A steeply sloping beach has been 
eroded along the northern margin of the outwash, destroying the probable 
former ice-contact s~ope. The sea has breached the large kettleholes 
and destroyed much of the fan surface; · a high remnant of the fan has 
been preserved at NN 012637. Further south, the sea at the maximum 
Postglacial level has redeposited fluvioglacial material forming a 
series of beach ridges at Clovulin (NN 003633), into which a lower 
shoreline has been cut (NM 998627). At Sallachan (NM 987626) a storm 
beach marks the upper limit of the disturbance of the fan surface by the 
Postglacial sea, while a lower beach has been eroded below this feature 
(NM985626). 
The erosion of Lateglacial outwash deposits by a river, and the 
subsequent deposition of this material by the Postglacial sea has oc-
curred at Inversanda, Laudale and Strontian. In each case a spit has 
been formed, the best example being at Inversanda (NM 946595). 
At Kentra Bay (NM 648697) the fluvioglacial outwash fan of the 
former Shiel glacier merges with the present storm beach. While frag-
ments of raised beach exist around the margin of the bay, a transgression 
of the fan was probably prevented by the large peat bog, Kentra Moss, 
that covers the outwash. Two shorelines have been eroded into the Claish 
outwash depsoits above the present shore of Loch Shiel. These shore-
lines extend for several kilometres around the area of Eilean Fhianain 
(NM 750683), tho~ again the sea has been prevented from transgressing 
the outwash by Claish Moss. This situation is analogous to that des-
cribed by Sissons and Smith, (1965 ) in the Forth Valley. That the 
Postglacial sea flooded the basin is also demonstrated by marine sediments 
from the bottom· of the Loch. (see Chapter 6.) 
The Postglacial Shorelines Height Analysis. 
The Main Postglacial Shoreline. 
Fragment height averages for the Main Postglacial Shoreline were 
plotted on an equidistant diagram with an east - west projection. 
This orientation was used because the linear surface produced by the 
trend surface analysis of 54 fragment averages by Gray (1974b, p.133) 
'indicates an isobase alignment of N4 E- S4 W1 • This trend surface 
analysis was used because it was considered that there were insufficient 
fragment averages from the field area to provide a meaningful analysis. 
The linear regression analysis of 18 A and B grade heights for the 
Main Postglacial Shoreline produced a gradient of 0.062m/km (see Fig. ~4). 
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In a further analysis, 3 C grade heights were included and a similar 
gradient, of 0.061m/km, was obtained. The similarity of these gradients 
with those produced by Gray {1974b) for his PS1 shoreline {the Main 
Postglacial Shoreline) suggest thatthis is the same feature. 
It is probable that this shoreline correlates with the Main Post-
glacial Shoreline in the Forth Valley, formed around 6,500 B.P. {Sissons 
and Brooks, 1971). This shoreline has a gradient of 0.08m/km in the 
Forth {Sissons et al. 1966) and 0.09m/km in the Tay estuaries {Culling-
ford, 1972). Gray {1974b) suggested that the discrepancy in the 
gradient of the shoreline between the east and west coasts of Scotland 
may reflect the funnelling effect of the Forth and Tay estuaries, dif-
ferential isostatic uplift and tectonic movement. A discrepancy exists 
between the gradient of 0.06m/km obtained by the writer and that of 
0.075m/km given by McCann (1966a) and Synge and Stephens (1966). This 
difference may be attributed mainly to the unsatisfactory field tech-
niques used by these workers. 
The Low Postglacial Shorelines. 
Gray {1974b) identified four Lower Postglacial shorelines below the 
Main.Postglacial shoreline {PS1). Two of these, a PS3 shoreline at 
approximately 8m and a PS5 at 3-4m O.D. he considered to be definite 
features while the remaining PS2 and PS4 shorelines at 10 and 7m respec-
tively are tentative. In the present analysis, the evidence is 
inadequate for such details to be elucidated. The shoreline diagram 
(fig. 44) shows a wide scatter of shoreline altitudes. However, as 
described in the previous section, the seaward slope of many of the 
beaches and the influence of the Main Lateglacial Shoreline and alluvial 
fans have rendered many fragment averages unsuitable for height analysis. 
However, having discarded these biased heights, a linear regression 
analysis of 19 Low Postglacial Shoreline fragment averages produced a 
gradient of 0.0004m/km along an E.W. plot. This shoreline must be re-
garded as a horizontal, but the height variation of each fragment makes 
the analysis of limited value. 
The height of the shoreline {approximately 5m) indicates that it 
may correlate with the PS5 shoreline of Gray {1974b). The intermediate 
shoreline PS3, and the tentatively proposed PS2 and PS4 shorelines 
described by Gray (1974b) have not been identified. This may reflect 
the smaller number of fragment averages for the low Postglacial shore-
lines; 19 as opposed to 90 fragment averages obtained by Gray for all 
the shorelines below PS1, though nowhere in the field area are there 
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FIG 4.5. KENTRA OUTWASH TRANSECT A- B. 
mO.O. 
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FIG 4.7. /NVERSANDA OUTWASH TRANSECT E- F. 
CHAPTER 5. 
POLLEN ANALYSIS THEORETICAL CONSIDERATIONS AND ANALYTICAL METHODS. 
Introduction. 
The reconstruction of the Past vegetational history of an area by 
pollen analysis involves determining the type and abundance of taxa that 
were present in thefurmer ecosystem; what plant communities these taxa 
represented; the importance of these plant communities in the ecosystem; 
the time at which the ecosystem existed and the environment in which 
the ecosystem developed. The first part of this chapter discusses the 
assumptions and complications involved in these various elements of 
vegetational reconstruction while the latter part describes the pollen 
analytical methods used in this study. 
Chapter 6 is concerned with the Lateglacial vegetational history 
of the field area as recorded by the fossil pollen record from a site 
at Salen. In C~pters 7 and 8 the pollen record from a sequence of 
lacustrine sediments from Loch Shiel is described. Supplemented by 
paleomagnetic and chemical analysis, an environmental reconstruction 
is then made for the area during the latter part of the Postglacial. 
Pollen Analysis : Theoretical Considerations. 
Pollen analysis has developed from a fairly safe assessment of 
past vegetation patterns inferred from the different pollen grains and 
spores of plants preserved in peat, first described by Von Post (1916) 
to a highly refined and versatile technique that provides important in-
formation for environmental reconstruction. 
The technique assumes the production and uniform dispersal of a 
great quantity of pollen grains. Pollen analysis is possible because 
of two properties of the pollen grains and spores. The first is the 
great morphological diversity of the grain. Due to number and type 
of apertures and the immense structural variation of the exine, it is 
possible to identify pollen grains to genus level (e.g. Salix) or to 
identify all the species of a genus (e.g. Plantago). The second 
property is the very resistant nature of the pollen exine and~ore wall. 
This wall is composed of a complex carbohydrate which is resistant to 
oxidation. This enhances pollen grain preservation and allows the 
grains to be separated from a sediment for examination. 
1. Pollen Diagram Interpretation. 
In a pollen diagram the frequency of each pollen taxon for a 
constant sample number may be~ressed as a percentage of the total 
pollen counted or of any specific pollen total or pollen sum. 
The pollen sum defines 'the plant communities presumed to occur within 
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the area under investigation' (Faegri and Iversen, 1975 p.124), and it) 
is important to include within this total all meaningful taxa. This 
prevents the dangers of drawing conclusions based on the absence of 
important species. It is however necessary to exclude the presence of 
disturbing species, for instance, the pollen from local species if a 
regional analysis is being made. 
The useof pollen percentage values in the majority of pollen 
diagrams has the fundamental disadvantage that the pollen percentage 
values are interdependent. Consequently percentage frequency variation 
may mask numerical changes in the frequency of each taxon and may 
'represent statistical artefacts rather than significant vegetational 
changes' (Davis and Deevey, 1964 p. 1293). 
Absolute pollen analysis 'requires the relation of numbers of fos-
sil pollen grains to unit volume of fresh sediment (pollen concentration) 
in order to compare throughout the profile numbers of grains deposited per 
unit area in unit time (pollen influx). This permits consideration of 
pollen curves as independent variables rather than as interdependent per-
centages or proportions' (Bonny, 1972 p.393). 
Absolute pollen frequencies have been calculated in this study 
in an attempt to provide a more accurate interpretation of the fossil 
pollen spectra in terms of past vegetation. Pollen influx data are 
more sensitive than pollen percentage data and include a consideration 
of the sedimentation rate, though the data have a greater variance 
(M. B. Davis, 1967a, 1967b, 1968, 1969; Pennington, 1973). 
Absolute pollen frequencies are particularly useful in distinguishing 
between treeless and some forested vegetation covers (Ritchie and Lichti-
~ederovich, 1967) and for detecting lower pollen productivity. 'Present 
experience indicates that absolute diagrams will be most valuable for the 
interpretation of Lateglacial pollen sequences, many of which record 
vegetation that changes drastically in pollen productivity as tundra was 
replaced by park tundra and woodland, and woodland replaced by forest• 
(Faegn and Iversen, 1875 p.162). As total pollen influx values are 
different for each major vegetation formation, they may be used to 
identify these formations (Davis, Braubaker and Webb, 1973). 
Although absolute pollen analysis involves a more complex laboraiory 
preparation and requires the chronological calibration of the diagram 
by radiocarbon dating, the additional information has been shown to 
provide a greater understanding of vegetational history (M. B. Davi~'---
1967, 1969; Pennington and Bonny, 1970; Pennington, 1973, 1976). 
Besides the errors and assumptions that are involved in the construc-
tion of a pollen di~m, there are further complications when a diagram 
is interpreted. The differences in the pollen productivity of plants 
reflected by an over- or under- representation ofspecies in the pollen 
diagram has long been known. Estimates have been made for the production 
and dispersal of pollen grains for various taxa. For example, based on 
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production of figures provided by Pohl (1937) 'a pollen spectrum 
registering 3~ each of pine, oak and beech should represent a vegetation 
of ~pine, 3~ oak and 60% beech' (Faegri and Iversen, 1975 p. 153). 
Correction factors (e.g. R - values) have been devised by Davis' 
(1963), Livingstone (1968) and Andersen (1970) in an attempt to obtain 
a quantitaavepicture of past vegetation. Restrictions on the use of 
R- values have been well documented (Davis, 1969; Birks, 1973) and the 
use of alternative correction factors (e.g. Andersen, 1970) may not be 
valid because pollen productivity may differ with varying ecological 
circumstances. For instance where Corylus avellana is present as an 
understorey shrub, its pollen productivity is poor (Jonassen, 1950) 
compared with the greater pollen output when it occurs at the edge of 
the forest (Janssen, 1966), or in Skye where it forms part of the 
woodland canopy (Birks, 1973). 
The best method of checking the validity of the representation 
of taxa in a pollen diagram is to compare the modern pollen rain with 
the species composition and abundance in the adjacent·community. 
The use of surface samples of modern pollen rain 'as a comparative 
means for finding modern vegetational analogues for former vegetation 
is the soundest basis currently available for the interpretation of 
pollen diagrams in terms of past vegetation. If there is a close match 
between the modern and fossil spectra then a vegetational reconstruction 
can be made with some confidence' (Birks, 1973 p.299). An important 
assumption is that the rate of pollen production for each species has 
remained constant over time. 
There are several limitations in the use of modern pollen rain 
studies -
a) A correspondence between modern pollen rain and present day vegetation 
has been shown for large-scale and medium-scale vegetation patterns 
(Davis and Webb 1975; Webb, 1974a, 1974b; Birks et al., 1975). This 
•supports the use of fossil pollen spectra in the reconstruction of the 
relative composition of past vegetation' (Williams, 1977 p.63). However 
on a smaller scale the poor representation of some species and the poor 
taxonomic resolution possible with others may present difficulties in 
reconstructing small vegetational variations (Birks, 1973; Webb, 1974b). 
b) A modern pollen rain spectrum should be available for the principal 
vegetational types in the area where the past vegetational history is 
being elucidated. The disturbance of present plant communities by man 
may however make an accurate comparison impossible. 
c) The use of modern pollen rain data where terrestrial surface samples 
have been used may not be applicable to fossil pollen spectra from a 
lacustrine environment. This is because of pollen mixi~ within the 
lake water (M. B. Davis, 1968) and within the lake sediments (R. B. 
Davis, 1967, 1974; Nichols, 1967a, 1967b; Pennington, 1973). Ideally 
lacustrine surface samples should·be used in the interpretation of the 
fossil pollen spectra but this is not always possible because lakes 
surrounded by natural or semi-natural vegetation are often~avoidable 
(Williams, 1977). 
d) The fossil pollen assemblage may have been derived from two or more 
vegetation types. 
e) There may be no modern vegetational analogue for the fossil vegetation 
as represented by the fossil pollen spectra. 
A different approach to modern pollen rain studies may be to es-
timate the probability of pollen'transport from a stand of known vege-
tation over a series of set distances. From this information a 
'synthetic' fossil vegetation may be reconstructed from the fossil pollen 
rain (Birks, 1973; Walker, 1972). 
The method used to interpret most pollen diagrams is to group to-
gether the pollen and spore types of ecologically related taxa that 
occur at the same stratigraphic level. Each group is then interpreted 
as reflecting a plant community while the basic assumption is made that 
the ecological tolerances of all plant species have not changed over 
time (Birks, 1973). 
The level of pollen identification often makes it impossible to 
allocate a plant to a specific ecological group while other species 
have a wide ecological tolerance. In these circum.stances the use of 
certain indicator species may be of value. These species can be identified 
to their lowest taxonomic level and a few have specific ecological tol-
erances. An indicator species may represent a specific plant community. 
For instance, Oxyria digyna is characteristic of a pioneer community 
at the base of Lateglacial pollen sequences (Birks, 1973; Williams, 1977); 
its pollen may be taxonomically distinguished from other Po 1J~ c "~c. e. a.e 
(Birks, 1973) while Matthews (1974a, 1975a) has shown it to be an impor-
tant pioneer species colonizing the recently exposed parts of glacier 
forelands in the Jotunheimen. 
In the use of this ecological approach to pollen diagram inter-
pretation, some attempt is made to infer the probable extent of the 
different ecological groups within the 'pollen catchment area'. But 
the 'exact delimitation of the pollen catchment area is impossible and 
the "area11 will essentially be different for different pollen taxa' 
(Williams, 1977 p.67). In this situation modern pollen rain studies 
provide valuable information on the dispersal of pollen from the sur-
rounding vegetation on to a::pecific si:te (Tauber, 1965, 1967; Tinsley 
and Smith, 1974; Janssen, 1973). 
Pollen analysis is often undertaken to infer past periods of 
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climatic change. It is essential that the climatic inferences are made 
from the reconstructed past vegetation and are not implied directly from 
the fossil pollen spectra. The recognition of non-climatic factors such 
as a vegetational succession in a pollen diagram is crucial. 
Faegri and Iversen Q975 p. 144) state that a 'pollen diagram re-
presents nothing but the parts of the pollen rain that have been recorded 
after fossilization'. This suggests two further sources of error in -~-. 
pollen diagram interpretation; that of the differential destruction of 
pollen grains and the contamination of the deposits sampled. 
In the former case it is possible to distinguish various types of 
exine deterioration (Cushing, 1967) which has been used to provide ad-
ditional imformation in evaluatjng a pollen diagram (Lowe, 1977). The 
latter case·of the redeposition and contamination of deposits has been 
well documented. These include the irregular deposition and reworking 
of lake sediments (Nichols, 1967a, b; Pennington et al. 1972); unconform-
ities in a seemingly undisturoed sequence of sediment (Lundquist, 1924) 
and the displacement and redeposition of allochthonous material (Jones, 
1958; Birks, 1970). 
2. Pollen Diagram Zonation. 
The original Jessen~odwinian zonation scheme was devised to cor-
relate different pollen diagrams using biostratigraphy. However this 
was based on the assumption that 'climatic changes were widespread, had 
widespread synchronous effects upon the dominant vegetation formations 
and that a series of pollen zones was an expression of these changes' 
(West 1970, p.1180). As a result, pollen zones assumed a chrona-strati-
graphical meaning. 
As the vegetational history of Graat Britain was elucidated, attempts 
to impose the Jessen-Godwinian system proved unsuccessful (see chapters 
6 and 7) and the disagreement between litho-, bio-, and climato-
stratigraphical units became more apparent (Coope, 1970; Pennington, 
1970; Pennington and Bonn y, 1970; Coope and Brophy, 1972; Walker, 
1974; Lowe, 1977). This discrepancy was first realized for Lateglacial 
sequences, but the diachroneity of major vegetational changes within the 
Flandrian in N.W. Europe is now recognized (Birks, 1973; Hibbert et al., 
1971; Smith and Filcher, 1973). 
In 1970, West advocated the separation of pollen assemblage zones 
from the stratigraphical chronology. He argued that a pollen assemblage 
zone 'reflects a vegetational unit' and that 'zones of similar aspect 
may occur at different times and in different situations' (p.1180). 
Westmcommended the establishment of type sites where a pollen zone- a 
biostratigraphical division - can be independently chronologically 
calibrated e.g. by radiocarbon dating. This biostratigrapbical division 
would then becmme a chronozone. The correlation of another pollen diagram 
with that type site would involve a chronological correlation using radio-
carbon dating as well as the zone descnption amd CQmparison of the bio-
stratigraphy of that pollen diagram. 
Birks (1973) has established guidelines for the vertical subdivision 
of a pollen diagram into pollen zones based on the Code of Stratigrapbic 
Nomenclature (Geological Society of London 1967, 1969). He defines a 
pollen zone as 'a body of sediments with a consistent and homogeneous 
fossil pollen and spore content that is distinguishable from adjacent 
sediment bodies by differences in the kind and frequencies of its con-
tained fossil pollen grains and~ores' (p. 273). If there are similar 
changes in the frequencies of a range of pollen and'....Bpore types within a 
locality, then a local pollen zone may be established. If there are broad 
similarities in the pollen and spore composition of several local pollen 
zones, then a regional pollen zone may be defined. Both of these pollen 
zones are biostratigraphical units and under the stratigraphic code 
correspond to assemblage zones. The advantage of using these pollen 
assemblage zones is that they 'are de~ined solely on the observable con-
tained fossils without any reference to the sediment lithology, to the 
inferred environmental and climatic conditions or to the assumed time 
equivalence' (Birks, 1973 p.280). 
Pollen diagrams have traditionally been zoned subjectively by the 
pollen analyst though it is difficult not to be influenced by lithological, 
ecological and climatic variations and associations. Therefore 
'it is preferable to achieve an objective zonation based purely on the 
changes in all taxa present, with the same criteria being rigorously and 
consistently applied to each zone boundary' (Robinson, 1977 p. 140). For 
this purpose Gordon and Birks (1974) have devised three co~uter programs 
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involving the use of co~rained agglomerative and divisive procedures that 
may be used to identify, delimit and define biostratigraphical zones. As 
the analyst is required to define the crite~ia used for subdivision at the 
outset, these conditions may then be applied to several diagrams. 
If the pollen zones produced by the three different zonation pro-
grams coincide, then one may have considerable confidence in the reality 
of these zones. It has been found that these numerically defined pollen 
zones usually correspond tqthe subjectively determined zones delimited by 
an experienced pollen analyst. However the additional advantages of con-
sistency of zonation, rapidity of_implementation and repeatability of 
results make these numerical zonation techniques particularly valuable, 
especially when reconstructing regional vegetational history from a 
large number of diagrams (Gordon and Birks, 1974). 
Pollen Analytical Methods. 
1. Sampling. 
Cores from the site at Salen, Ardnamurchan, (see Chapter 6) were 
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obtained using a modified hand-operated Dachnowski piston corer. The 
modification from the original Dach~owski design was the use of a larger 
sampling chamber. This allowed cores 60cm long and 5cm in diameDer to be 
obtained, providing more material for radiocarbon dating and reducing the 
risk of contaminating samples for pollen analysis (Lowe, 1977). An im-
portant aspect of sampling has been the use of an instrumental level and 
a staff to obtain the precise depth of the cores extracted (Walker and 
Lowe, 1976). A series of cores were alternately taken from two holes on 
the bog surface and the use of the level and staff meant that a continuous 
column of sediment could be subsequently reconstructed. The cores were 
extruded from the sampling chamber on to semi-circular plastic troughs 
~Ocm in length and covered with a plastic sheet. Auger attachments were 
used to penetrate particularly coarse layers of sediment, especially the 
coarser Loch Lilimond Stadial layer of the tripartite Lateglacial strati-
graphy, to allow the underlying softer interstadial deposits to be sampled. 
The cores were stored in the laboratory at Edinburgh in a cool 
dark room. The outer part of the core was carefully cleaned, and at the 
desired sampling interval a disc of sediment was removed and its centre 
section sealed in a glass phial. This enabled the sample to remain moist 
and so maintain its volume, a requirement of the absolute laboratory pre-
paration. 
At Loch Shiel three cores were taken in 6m long U.P.V.C. liners 
using a Mackereth pneumatic piston cover (Mackereth, 1958). Whole core 
magnetic scanning (Molyneux et al., 1972; Molyneux and Thompson, 1973) 
was used to establish the basic sediment and palaeomagnetic stratigraphy. 
Core 3 was chosen for detailed analysis as it had the longest undisturbed 
limnic· sequence of the three cores. Theoore was cut in half by slotting 
the U.P.V.C. liner with a circular saw and opening with a sharp knife. 
a 
One half of thesplit core was sub-sampled for more detailed pa~omagnetic 
studies and the remaining half was used for palynological, chemical and 
radiocarbon analysis. 
2. Sediment Description. 
A description of the sediment and stratigraphy was made for each 
core, broadly based on the system proposed by Troels-Smith (1955). De-
tails of sediment changes at a lithological boundary, sediment colour 
(and changes after exposure to air) and sediment structure were noted. 
An estimate of the degree of humidification of organic sediments was 
obtained from supernatant colour after the deflocculation of the samples 
in 1 CP/o sodium hydroxide. 
With the Salen site, a more detailed account of the sediment 
properties was made by recording on a 5 point scale the degree of darkness, 
stratification, elasti~ity and dryness of the samples in an attempt 
to quantify minor stratigraphical changes (Birks, 1973). 
3. Laboratory Preparation. 
The samples taken from thewres were subjected to chemical and 
physical processes allowing the pollen grains to be separated from the 
matrix and to be identifiable under the mioroscope. The preparation 
used relies on the resistant nature of the pollen exine to allow other 
extraneous matter to be removed. The slides were prepared following 
the method described by Faegri and Iversen (1975) but with several mod-
ifications (Bonney, 1972; Robinson, 1977). The main stages in the 
preparation were:-
a) The deflocculation of the sediment by boiling in a ~ solution of 
sodium hydroxide. Sieving removed coarse inorganic particles and macro-
fossils while subsequent repeated washing removed humic acids. 
b) The removal of minerogenic particles by treatment with 50-6~~ hydro-
fl~oxic acid. Depending on the clay content of the sample, the length 
of treatment varied from 5 days in cold hydrofluoric acid to a more 
typical 1 hour in hot acid (Pennington et al. 1972; Walker, 1974). 
c) The removal of colloidal silicates and silicofl~ides by treatment 
with 10% hydrochloric acid. 
d) Dehydration with glacial acetic acid, followed by Erdtman's (1969) 
acetolysis which destroys cellulose and then further dehydration. 
e) The mounting of the residue on a slide with safz~nin-stained 
glycerine jelly. 
Minor changes were made to this basic procedure. These were: 
the retention of the sample in polythene centrifuge tubes after the 
hydrofl~aric acid treatment; the use of a mechanical agitator to disturb 
the centrifugant afte~ decanting; washing the sample repeatedly after 
sieving until the centrifugant was clear (pers. comm. Sylvia Peglar). 
Some of the Loch Shiel samples required further treatment with cold 
·nitric acid to remove pyrite spherules (Vallentyne, 1963). 
The use of the absolute counting technique required several ad-
ditional procedures to the laboratory preparation (Bonn y, 1972). The 
preparation differed from that of Bonney in that the exotic pollen sus-
pension (Ailanthus §ltissima grains in glycerol) was added at the begin-
ning, not at the end, of the preparation (Robinson, 1977). The reason 
for this is stressed by Faegri and Iversen (1975 p.164) 'from the moment 
the indicator pollen is added, it is no longer necessary to work quan-
titively as any loss of material incurred will affect indicator pollen 
in the same way as the native pollen of ~he sample. As it is in reality 
almost impossible to get material quanti~vely out of a centrifuge tube, 
this advantage can hardly be overrated'. The additional stages that the 
absolute preparation entailed were:-
a) The displacement of 1cm of sediment by dilut~ NaOH in a modified 
5c.c. measuring cylinder. The sediment was then washed into a boiling 
tube and accurately weighed. 
b) The addition of several drops of homogeneous exotic suspension and the 
re-weighing of the solution to determine the amount of exotic suspension 
added. 
The same exotic pollen suspension was used for both the pollen sites, 
and it had been prepared and then st~dardized using a haemocytometer as 
described by Matthews (1969). 
Silicone oil was not used as a mounting medium beaause the smaller 
grain size {as opposed to a glycerine mount) increased the difficulties of 
identification. The type slide collection was also mounted in glycerine, 
which would have made comparison with silicone oil slides impracticable. 
The major disadvantage of glycerine jelly as a mounting medium, that grains 
cannot be moved for easier iientification, was partially overcome by 
counting the slides within a few days of their being prepared, before the 
glycerine had completely set. 
4. Pollen Counting. 
The prepared pollen~ides for Loch Shiel were counted on a Baker 
Patholett microscope with x10 complan oculars while slides for the site at 
Salen were counted on a Vickers Patholett microscope. Routine counting 
was made using a x40 objective while a x90 oil immersion objective was used 
for more difficult identifications. 
Pollen grains were counted by making equally spaced traverse~cross 
the slide until 1,000 grains had been counted. An automatic counter was 
used to record the more numerous pollen taxa while the remainder were 
marked on a count sheet. 
5. Pollen and Spore Identifications. 
The identification of most non-arboreal pollen grains has been made 
to genus and occasionally to species level. The taxonomic level to which 
identification is possible is limited by the experience of the analyst; 
the standard of optical equipment available; the advances in pollen 
morphological data and the reference collection available. More taxa 
were identified from the Salen site than from Loch Shiel because the 
Loch Shiel site was analysed first. Consequently the experience gained 
in counting the Shiel site allowed further sub-division of taxa to be made 
with greater confidence. 
The comparison of fossil grains with modern pollen from the type 
slide collection provided an essential aid to identification. Wherever 
possible, a second microscope was used to facilitate comparison between 
the fossil and modern pollen grains. The co-ordinates of difficult grains 
were recorded to allow them to be compared together, and so increase the 
reliability of their identification. 
The key of Faegri and Iversen (1975) together with the two volumes 83. 
of Erdtman, Berglund and Praglowski (1961), Erdtman et al. (1963) and the 
taxonomic details of pollen grains described by Birks (1973) were invaluable. 
However additional comments on the pollen types defined in the pollen diagrams 
are required to indicate the reliability of the pollen counts. 
BETULACEAE. 
No attempt was made to distinguish between the pollen grains of 
the tree birches (probably Betula tortuosa or B. pubescens,) and those 
of the dwarf birch (B. nana). Birks (1968) measured each grain to obtain 
this distinction, but recent doubts as to the validity of this identific-
ation (pers. comm. Birks) appear to make the time required to separate 
the species too long to be justified. A further disadvantage is the 
possible past hybridisation between~ nana and B. pubescens (Godwin, 1975). 
CORYLACEAE. 
Grains of Corylus avellana were not separated from those of Myrica gale. 
ERICACEAE. 
In the Salen diagram, Calluna vulgaris was counted separately from 
other Ericaceae tetrads (Oldfield, 1959). Grains of Vaccinium sp. and 
Erica tetralix were thought to compose most of the Ericaeae counted from 
Loch Shiel. 
EMPETRACEAE. 
No distinction was made between grains of Empetrum hermaphroditum 
and E. nigrum. It was noted that many of the grains in the Lateglacial 
stadia! samples from Salen were corroded or shrunken (see Robinson, 1977) 
and that this would have made the distinction of these species by size 
statistics difficult (Anderson, 1961). 
RANUNCULACEAE 
In the Loch Shiel diagram, all Ranunculaceae pollen grains were undiffer-
entiated. However, in the Salen pollen diagram, Caltha palustris, Ranunculus 
repens and Thalictrum were distinguished while the Ranunculus undiffer-
entiated category included R. acris and R. trichophyllus. 
POLYGONACEAE 
Rumex acetosa and R. acetosella have only been differentiated in 
the Salen diagram. Rumex undifferentiated type probably includes Oxyria 
digyna {especially in the early Lateglacial sediments at Salen) and 
also R. palustris and R. crispus. 
HALORAGACEAE 
At Loch Shiel, the majority of the Myriophyllum grains recorded 
were M. alterniflorum with the remainder comprising of M. spicatum amd 
M. verticillatum. In the Salen diagram, M. alterniflorum has been ·sep-
arated from the latter two species. 
SALICACEAE 
No separation has been made of the various species (Faegri and Iversen, 
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1975; Birks, 1973). However Salix herbacea was almost certainly 
present in the Lateglacial sediments of the Salen site. 
LYCOPODIACEAE 
Lycopodium clavatum, L. inundatum, L. selago were distinguished in 
the Salen diagram, while the undifferentiated type included L. alpinum 
and L. annotinum. 
COMPOSITAE 
Several types were recognized in both pollen diagrams; Ambrosia 
type (Birks, 1973); Liguliflorae type including Crepis and Taraxacum 
species; Artemisia species type. 
POLYPODIACEAE 
These spores remained undifferentiated in the Loch Shiel diagram 
while at Salen, several species were distinguished; Athyrium filix-
femina, Athyrium alpestre type; Dryopteris carthusiana type, Dryopteris 
filix-mae type and a Thelypteris type (Birks, unpublished key). Poly-
podiaceae without an 'outer jacket' were recorded as undifferentiated 
species. 
PRE-QUATERNARY SPORES. 
Several pre-Quaternary spores were recorded from the Loch Shiel 
sediments. These may have been derived from the Tertiary leaf beds on 
the Isle of Mull (Scott, 1922). 
INDETERMINABLE 
Grains that could not be identified were recorded as indeterminable. 
In the Salen diagram they were cat~gorized as concealed, deteriorated, 
corroded, crumpled or unknown. 
6. Pollen Diagram Construction. 
The necessary computations required to produce the percentages of 
each taxon per sample, the pollen concentration and the influx rates for 
each taxon at both the sites were made by the Fortran computer program 
POLLDATA. This program was also responsible for drawing the pollen 
diagrams on a graph plotter, and was written by H. J. B. Birks and B. 
Huntley (unpublished). The program was run on both the Edinburgh and 
Cambridge Universities IBM 360/370 computers. 
The raw count data may be read into the program either by taxa or 
by level. Besides sample depths, the program requires the concentration 
of exotic pollen grains added as grains per cm3 (Matthews, 1969); the 
volume of sediment used in the analysis (1cm3 ); the exotic pollen count 
for each sample {standardized for a constant volume, in this case 1cm3 ) 
and (to calculate pollen influx values) the sediment accumulation rate 
expressed as radiocarbon years per cm • 
CHAPTER 6. 
SALEN A LATEGLACIAL SITE. 
The Lateglacial Vegetational History of Scotland Previous Work. 
The last decade has seen ampid increase in the number of Late-
g!acial pollen sites in Scotland, reflecting interest in a unique period 
of Scotland's vegetational history. Present knowledge of the Lateglacial 
climate relies heavily on palynological data, though important contrib-
utions have been made by palaeoentomology (Coope, 1975; Bishop and Coope, 
1977) and from the reconstruction of former glaciers from geomorpholog-
ical evidence (Sissons, 1974a; Sissons and Sutherland, 1976). Despite 
the various limitations in making palaeoclimatic inferences from paly-
nological data (Faegri and Iversen, 1964; Birks, 1973; Chapter 5) there 
is general agreement on the broad pattern of vegetational change and 
climatic variation throughout the Lateglacial period. 
Thefirst sub-division of Lateglacial sediments on a biostratigraph-
ical basis in the British Isles was made from a site in the Wicklow mountains 
of Ireland by Jessen and Farrington (1938). Thesediment found at this 
site was divided into a pre-Aller~d (Older Dryas) cold phase or Zone I; 
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an Aller~d cool temperate i~tadial (or Zone II) and then a post-Aller~d 
or Younger Dry.as cold period (Zone III). 
This tripartite division became established in a numerical scheme of 
zonation of Late- and Postglacial periods proposed by Godwin (1940; 1956). 
It was assumed that these pollen zones were directly comparable with the 
lithological changes of the Lateglacial sediment, and that they represen-
ted discrete climatic periods. The Zone I deposits are typified by 
minerogenic sediment, of which coarser basal deposits underlie finer 
material above them. 
Gyttja (an organic-rich sediment) corresponds to pollen Zone II 
while Zone Ill is characterized by a return to minerogenic sediment. 
Godwin (1975) has used these three pollen zones to describe the vegetation-
al history of the Lateglacial. Mitchell, Penny, Shotton and West (1973) 
have also subdiv±ded the Late DevensiGn deposits of Great Britain on the 
basis of these pollen zones. The assumption was made that the litho-
stratigraphic, biostratigraphic and climatostratigraphic boundaries of 
these zones equated with each other and that the zones were synchronous. 
With the increasing amount of palynological data available for re-
gional comparison, coupled with radiocarbon dating and additional.climatic 
data derived from Coleopteran studies (notabl1 Coope, 1975) the diachronous 
nature of these zone boundaries is now recognized (Lowe and Walker, 1977). 
In particular, there have been discrepancies in the recognition of the 
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Belling equivalent climatic oscillation in Zone I (Gray and Lowe, 1977; 
Pennington, 1975b). 
On the basis of beetle fauna Coope (1975) described a warm climatic 
oscillation in Britain from 13,000 to 11,000 B.P. which has been called 
the Lateglacial Interstadial (Sissons and Walker, 1974; Coope, 1975). 
This interstadial includes the previously defined pollen zones I and II 
while the following Loch Lomond Stadi~l is equated with a period of colder 
climatic conditions represented in many pollen diagrams by Zn III. This 
broader interpretation of a relatively warm interstadial succeeded by 
colder stadial conditions forms a convenient division in which to describe 
the Lateglacial vegetational history of Scotland. 
The Lateglacial Interstadial. 
Many workers have concluded that·the Lateglacial Interstadial re-
presented an uninterrupted vegetational succession from ice-sheet 
deglaciation to the vegetational revertence of the Loch Lomond Stadial. 
In the Teith valley of the S.W. Grampians, Lowe (1977) has recorded 'a 
continuous succession from open-habitat communities •••••• through dwarf 
shrub communities to a Late Interstadial phase of juniper heath and 
birch copses' (p. 299). This is supported by the work of Walker (1974) 
in the central and S.E. Grampians who concluded that the vegetational suc-
cession had been uninterrupted from about 13,000 B.P. to the beginning 
of the Loch Lomond Stadial (Walker1 1974; Lowe and Walker, 1977). From 
a detailed analysis of Lateglacial pollen profiles on the Isle of Skye, 
Birks (1973 p. 383) concluded that 'the present interpretation of the 
pollen stratigraphy suggests that there was a progressive unidirectional 
vegetation succession from low-alpine or mid-alpine communities to sub-
alpine juniper scrub, presumably in response to a climatic amelioration 
starting about 12,600 radiocarbon years B.P.' 
Pennington et al. (1972) examined lake sediments from many sites 
in northern Scotland. On the basis of lithostratigraphical, palynological, 
palaeochemical and diatom studies they concluded that there had been 
only one period of cold climatic conditions that was comparable with 
the Loch Lomond Stadial. Coope (1975) a:J.a9 f-gund: n9 9S.crl.llations 
within the Lateglacial rnterstadial that could be equated to a Belling 
period. Bishop and Coope (1977) concluded from the presence of the 
Coleoptera species Haliplus obliguus, Heamonia appendiculata and 
Eubrychius velutus at a site at Roberthill, that average July temper-
ature at around 13,000 B.P. was at least as warm as that of the present 
day. At other sites in S.W. Scotland, southern species were displaced 
by northern types of beetles, indicating a continuous climatic deterior-
ation throughout the Lateglacial Interstadial. 
There is evidence from several sites, however, of a minor climatic os-
cillation within the Lateglacial Interstadial. These include pollen 
profiles from the basal sediments at Loch of Park in the Dee valley 
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(Vasari and Vasari, 1968; Vasari, 1977); a site in the eastern Grampians 
at Loch Builg (Clapperton et al., 1975) and at Cam Loch in Sutherland 
(Pennington, 1975b). Vasari (1977) suggested that pollen profiles from 
N.E. Scotland may be correlated with the continental chronozone scheme 
where a small climatic recession within the Lateglacial Interstadial is 
recognized (Mangerud et al., 1974). In central and western parts of 
Scotland, however, contrasting climatic conditions prevailed and an 
interstadial oscillation is not found in these regions. 
Pennington (1977) has also reinterpreted the basal sediments at Bel-
ham Tarn, where she suggests there is evidence for an oscillation on the 
basis of the increased erosion of mineral soils. However minor lithological 
changes may only reflect changes in sedimentation and may not necessarily 
reflect climatic change (see Chapter 5). 
The evideDce for a climatic recession during the Lateglacial Inter-
stadia! is debatable. Much of it (e.g. at Loch of Park) is based on 
small variations in the percentages of a few plant species e.g. Betula, 
Empetrwn and Juniperus. These variations may represent statistical 
artefacts (Davis and Deevey, 1964) rather than climatic variations. 
Further examination of these deposits is required using absolute pollen 
analysis which should preclude the possibility of confusing statistical 
anomalies in the reconstruction of the pollen record. 
A generalized account of the vegetational succession during the 
Lateglacial Interstadial will now be given to provide a framework for 
discussion and comparison later in this chapter. 
Initial colonization of deglaciated ground consisted of an open-
vegetation cover of taxa including Gramineae, Cyperaceae, Chenopodi-
aceae, Caryophyllaceae, 5-alix ( c.f. herbacea) and Lycopodium ( c.f. selago). 
Taxa of assemblages that are today found in a base-rich environment sug-
gest the initial development of a species-rich grassland upon newly-
deglaciated ground or on bare mineral soils after the cessation of soli-
fluction (Gray and Lowe, 1977). In the basal deposits of sites on Skye, 
Birks (1973) found taxa which indicated chionophilous communities. At 
Cam Loch, Penningtop (1975b)found basal sediment of an age before 13,000 B.P. 
containing Oxyria-Rumex pollen with Salix herbacea These species are 
characteristic pio.neer species that are often the first plants to colonize 
recently deglaciated ground in Norway (Matthews, 197~ 1975, 1977). 
Further vegetational development consisted of species typical of 
present arctic and alpine communities. These included the herbaceous 
genera Armeria, Artemisia, Epilobium, Galium, Koenigia, Plantago, Polygonum, 
Succis a, Thalictrum, Rumex and Valeriap~; the club mosses Sel~ginella 
and Lycopodium selago together with the shrub species Salix, Junipe~~ 
Betula nana, Empetrum nigrum, $qibus and Hippophae rhamnoides. Initial 
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pollen concentration was approximately 100 grains/cm3 /year which then inc-
reased to 1000 grains/cm3 /year (Pennington, 1977). 
With the stabilization of soils and amelioration of temperature, 
there is evidence from the fossil pollen record of the gr~dual develop-
ment of closed vegetation cover. The interstadial pollen record is 
characterized by maximum percentages of arboreal pollen (mainly Betula), 
though there are Scottish pollen diagrams that do not display this char-
acteristic increase of Betula pollen during the interstadial (e.g. Moar, 
1969b). 
The diachronous development of birch woodland suggests a regional 
differentiation within the Late Devensian vegetation of Britain. Con-
sequently it is difficult to apply a pollen chronology such as that 
proposed by Godwin (1956). The distribution of tree birch (Betula 
pubescens) is assumed to be related to a north- south thermal gradient 
(Pennington 1970, 1977) coupled with an east- west oceanicity gradient 
(Birks, 1965). The problems associated with the interpretation of birch 
pollen during the Lateglacial are well discussed by Lowe (1977). 
In the central and eastern Scottish Highlands the dwarf birch cover was 
associated with jupiper and willow while copses of tree birch would have 
been confined to low-lying ground. Moss heaths and poor grassland would 
have occuped higher ground (Lowe, 1977; Walker, 1974). Moar (1969a.) 
concluded that climatic amelioration during the Lateglacial was expressed 
by an increased density of the dominantly herbaceous vegetation and that 
no influx of birch foreat occurred in northern districts. Empetrum and 
Juniperus heathlands spread rapidly in contrast to the increased stability 
of grasslands in southern Soptland. Tpis conclusion is supported in 
N.W. Scotland by the work of Pennington and Lishman (1971); Pennington 
et al., (1972)and in eastern Scotland by the investigations of Vasari and 
Va~.ri (1968). The northern margin of birch forest was assumed to be in 
northern England (Pennington, 1970; Bartley 1962, 1966). 
Birks (1973) used the relationships between modern pollen rain and 
vegetational types on the Isle of Skve to infer veget~tional patterns from 
Lateglacial pollen assemblages. Communities represented during the 
interstadial were snow-bed communities, species-rich grassland, Rhacom-
itrium heaths, Empetrum heaths, juniper scrub and occasional birch copses. 
Some juniper and Betula nana dominated communities have no modern analogues. 
Birks (1973) found that the Lateglacial flora on Ekye was as diverse as its 
modern counterparts, and that this 'is readily interpretable in terms of 
the same broad ecological factors that influenced the present flora and 
vegetation of the island' (p. 388). 
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In northern Scotland, interstadial vegetation was characterized 
by Empetrum heath and grassland cover, together with var~able amounts of 
juniper (Mcar, 1969b; Pennington, 1972, 1977). From a site at Loch 
Droma, Kirk and Godwin (1963) stated that the vegetation cover consisted 
of a complex of communities including Empetrum heath together with snow-
patch vegetation, marsh communities and varied herbaceous plant cover of 
base-rich species. 
Evidence from S.E. Scotland suggests an open, virtually treeless 
landscape with birch copses being established in sheltered localities. 
Newey (1970) concluded from a site at Corstorphine near Edinburgh, 
that 'even during the relative warmth of Zn II, tree-pollen frequencies 
were very low' (p.1175). Thus again, a species-rich grassland with 
taxa indicative of base-rich conditions predominated throughout the 
Lateglacial Interstadial. 
There is evidence that soil disturbance continued throughout 
the Lateglacial, especially on higher ground~ This is suggested by the 
presence of taxa indicating base-rich conditions at many sites through 
out the interstadial, and the continued inwash of a proportion of 
minerogenic sediments (Kirk and Godwin, 1963; Moar, 1969a; Newey, 1970; 
Pennington et al., 1972; 1977; Walker, 1974; Lowe, 1977). 
In the eastern Grampians, Lowe and Walker (1977) found that large 
areas of bare ground with disturbed soils persisted throughout the inter-
stadial. These areas were reflected by the continued presence of Rumex 
and other open-habitat taxa e.g. species of Caryophyllaceae, Chenopodiaceae, 
Compositae and Clubmosses. 
The Loch Lomond Stadial. 
A return to cold climatic conditions in the Loch Lomond Stadial is 
represented in the pollen record by a reduction of the pollen assemblages 
representing trees and shrubs; the return of a greater quantity of 
minerogenic sedimentation; the absence of aquatic pollen and an increase 
in pollen of taxa that are characteristic of open ground and disturbed 
soils i.e. certain taxa of Compositae, Caryophyllaceae, Cruciferae and 
Chenopodiaceae. The presence of these taxa in considerable quantities 
suggests that over most of Scotland there was extensive disruption of 
the vegetation cover and the destruction of soils that had deveoped 
during the Lateglacial Intersta.dial. 
There is a considerable similarity between the pollen profiles of 
different Scottish Lateglacial sites during the stadial. Numerous 
pollen records from many parts of Scotland suggest the widespread oc-
currence of disturbed soils - a function of increased solifluction -
and base-rich conditions. Regional differences appear to have been 
smaller than comparable regional variations in vegetation during the 
intell?stadial. 90. 
Lowe and Walker (1977) suggested that while the major reason for 
the change in vegetation is accepted as being due to the increase in 
frost disturbance of ground not protected by snow-cover (Pennington 
et al., 1972), regional and local differences in the pollen record may 
relate to a variation in the extent and t~ckness of snow cover. For 
instance Walker (1974, 1975a)proposed that differences in the represen-
tation of Artemisia pollen at sites in the central and eastern Grampians 
reflected variable snow-cover as this plant is known to be chionophobous 
(Andersen, 1961; Iversen, 1954). 
On the Isle of Skye, Birks (1973) suggested that the characteristic 
vegetation during the stadial was a mosaic of low- and mid- alpine 
chionophilous vegetation that was differentiated by ecological factors 
of slope, aspect, exposure and other factors. This was at a time when 
climatic conditions were uniformly severe at all sites on the island. 
At some sites (e.g. L. Meallt) Betula nana heath vegetation was typical 
during the stadial. In other, more exposed areas (e.g. Lochan Coir'a' 
Ghobhann) the fossil pollen record indicates disturbed soils and snow-
bed communities (Birks, 1973). 
Similar variation existed throughout Scotland. In lowland areas in 
the Grampians, Lowe and Walker (1977) found Rumex - dominated vegetati~n 
with juniper and dwarf birch in sheltered localities. However Moa.r ( 1969a) 
found pollen of Koenigia, indicative of disturbed soils in lowland sites 
in s.w. Scotland. Newey (1970) also suggested an open vegetation as a 
consequence of increased solifluction at C~storphine in S.E. Scotland. 
The Loch Lomond Stadial/Postglacial transition. 
The termination of stadial conditions at around 10,000 B.P. is 
reflected in most sites by a change from minerogenic to organic sediment 
accumulation. Higher temperatures brought a cessation of solifluction 
processes in lowland areas, allowing soil stabilization and the development 
of widespread vegetational cover. The rate of vegetational 
succession was rapid (Pennington et al., 1972, 1977; Vasari, 1977; 
Lowe, 1977) with an initial rapid expansion of aquatic flora (Myriophyllum 
alterniflorum and Potamogetob.). Initial colonization by grassland species 
was followed by Salix - Empetrum heath, Juniperus heath and then bircb 
woodland. This pattern of vegetational development during the Lateglacial-
Postglacial transitiQn is found in N.E. Scotland (Mo~r, 1969b) nor~hern 
Scotland (Pennington et al., 1972), Skye (Birks, 1973) and in the Grampian 
Highlands (Walker, 1974; Lowe, 1977). 
Sal en The Site. 
Two possible coring sites were located from aerial photographs at 
positions that were as close to the in~erred limit of the former Shiel 
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glacier as was possible. Preliminary investigations using a Hiller 
corer revealed the three-fold Lateglacial stratigraphy at both sites 
(NM 692646 and NM 693654). The latter site was chosen for detailed 
pollen analysis because it had a greater thickness of Lateglacial In-
terstad·ial gyttja. 
T~is site, subsequently named Salen, lies 0.5 km N.E. of Salen, 
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Ardnamurchan at 56 44'N, 5 47'W and at NM 693654. The site con-
sists of a small lochan, some 200m long by 50m wide, that is surroun-
ded by 'poor fen' (Ratcliffe, 1964 p. 427). The lochan occupies a 
basin in the Moinian Schists which is geologically structurally con-
trolled; a steep cliff some 20-25m high i~ituated on the eastern 
side of the lochan. 
A series of cores was taken from the western margin of the fen 
at a point that was as close as possible to the central axis of the 
basin. Along this axis 11m of Postglacial peat was recorded. Cores 
were obtained for pollen analysis from the early Postglacial and Late-
glacial sediment using a large Da~owski (Abbey) borer (see Chapter 5). 
However, while obtaining further cores for r~iocarbon dating using 
the 'multiple-shot' technique (Walker, 1974; Robinson, 1977), the 
large chamber of the corer was damaged during the penetration of the 
coarse stadial sands and clays. Three subsequent attempts were made 
to obtain Lateglacial Interstadial gyttja for dating. This included the 
excavation of a large hole some 2m deep into the stadial deposits. How-
ever, sufficient material for a basal ~ateglacial radiocarbon age 
determination could not be obtai~ed. 
The present vegetation surrounding the lochan is a mixed deciduous 
oak woodland. This woodland is composed of Quercus, Alnus, Betula and 
Corylus. The bog surface is mainly made up of grasses and sedges 
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(Eriophorum vaginatum and Scirpus ce~itosus), some Calluna vulgaris 
and Sphagnum. To the south of the lochan, a forestry plantation has 
been established. 
Sal en The Stratigraphy. 
The stratigraphy of the core used for pollen analysis and radio-
carbon dating is described in table 6- 1. As stated above, a hole 
was dug through the Postglacial peat and into the stadial sands and 
clays. A large sample of the stadial deposit was recovered and it 
was found that the description of the stadial sediments in the cores 
alone does not give a represent~tive description of the coarseness of 
this deposit. Great force was required to penetrate this layer with the 
large (5cm wide) Dachnowski sampling chamber. It is assumed that the 
point at the end of the sampling chamber pushed the larger stones to 92. 
TABLE 6- 1. The Stratigraphy of the Cores used for Pollen analysis 
and Radiocarbon Dating. 
DEPTH (cm) 
0 - 240 
240 - 276 
276 - 280 
280 - 286 
286 - 355 
355 - 395 
395 - 405 
405 - 408 
408 - 412 
412 - 420 
420 422 
422 - 427 
DESCRIPTION. 
Postglacial peat, not sampled. 
Dark brown peat. Fibrous and saturated. 
Peat becoming lighter in colour with depth. 
Brown peat with mottled yellow gyttja. 
Occasional fine fragments of mica. 
Yellow gyttja. Very fine organic fragments, 
too decomposed for identification, with a few 
mica fragments. 
Light gray clay with some fine sandy layers 
2 - 3cm thick. The clay forms a sharp horizon-
tal boundary with the overlying gyttja. Occas-
ional fine rootlets present in the clay. 
Coarse sand with angular stones up to 6cm long. 
Rhythmites of sand with finer sand, and clay 
layers at 379cm. Organic fragments found at 
371 and 383cm. 
Light grey silt and clay, increasing in clay 
content with depth. 
Mottled olive yellow gyttja with fine mica 
fragments. Sharp transition at 405cm between 
clay and gyttja. 
Dark brown gyttja with occasional mica flakes and 
organic fragments. 
Light yellow gyttja. Fine texture with few 
organic fragments visible. 
Increasing silt content, changing in colour 
from light yellow to grey. 
Light grey clay. 
one side during sampling. 
An analysis of stone roundness (Wadell, 1932) was made on the stones 
retrieved during the excavation of the site. The average dimensions of 
the 56 stones (Folk,1955) were:-
Average length of main axis 10.1cm 
Maximum length of main axis 24.4cm 
Minimum length of main axis 4.0cm 
Using the class mean to describe stone roundness, the classes were:-
TABLE 6 - 2 % Wadell class Rho scale 
Very angular 56 .12 - • 17 o.oo - 1.00 
Angular 33 • 17 - .25 ·1.00 - . 2.00 
Sub-angular 7 .25 - • 35 2.00 - 3.00 
Sub-rounded 4 • 35 - .49 3.00 - 4.00 
55 of the stones were local Moinian schist while the remaining 
stone was composed of quartz, probably derived from a quartz vein in-
truded into .the Moinian Schists. 
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Another interesting fact emerged from the excavation. Postgl~cial 
tree roots up to 3cm thick were found penetrating the stadial clays to 
a depth of 30cm. Thus contamination of lower layers in this manner 
could lead to erroneous radiocarbon ages being obtained. 
Salen Radiocarbon Age Determinations. 
Two radiocarbon dates were obtained for the Salen site (table 6- 3). 
These age determinations were made by Dr. H. H. Harkness at the Scottish 
Universities Research and Reactor Centre, East Kilbride, Glasgow. The 
dates are expressed as radiocarbon years before present with 1950 A.D. 
being the zero datum. A half-life of 5568 ! 30 was used. 
SRR- 1211 was taken from the basal Postglacial peat deposits 
while material for date SRR - 1212 was removed from the inferred 
Interstadial/Stadial boundary. However, this sample contained insuf-
ficient organic material for radiocarbon dating. Rather than obtain 
no age determination at all, it was decided to combine this material 
with a sample obtained by Dr. H. J. B. Birks of the sub-department of 
Quaternary Research at Cambridge. He had independently sampled the 
same site at a point less than 10m away from the coring location only 
some 3 weeks after the writer obtained the cores analysed here. As 
Dr. H. J. B. Birks was primarily interested in the Postglacial section 
of the core, he allowed the author to use the Lateglacial section of his 
core. 
TABLE 6 - 3. The Radiocarbon Age Determinationsfor Salen. 
13 
LABORATORY NO. SAMPLE DEPTH AGE 0 c 
SRR- 1211 220-230 cm 9,796! 75 
SRR - 1212 370-380 cm 10,643 ~ 75 
-20.6% 
-23.7% 
This core was obtained by Dr. H. J. B. Birks and Dr. W. Williams 
using a Livingstone corer. These cores were stored in silver foil on 
a plastic tray, and kept in a cold store. A sample from this core was 
keyed into the Salen diagram using pollen analysis. The correspondence 
of the pollen record and the closeness of the two core locations sug-
gested that a combination of the samples might provide a viable date. 
However because of the unusual source of the material the possibility 
for contamination exists, hence extreme caution must be employed when 
interpreting the radiocarbon date. 
Salen The Fossil Pollen Stratigraphy. 
POLLEN ZONE SA 1 
l!ercentage Pollen Diagram (Fig. 6 - 1). 
T~s basal pollen zone is characterized by an increase in shrub 
pollen fbom less than ~ to 4Q% with a comparable decrease in fossil 
spores. Empetrum rises rapidly from ~ at the base of the profile to 
94. 
36% at the upper zone boundary. Cyperaceae rises to 1~ while Gramineae 
values remain lower at around 7%. 
There are pronounced basal peaks of Rumex species (reaching 2~fo) fol-
lowed by a peak of Saxifraga undiff., and Lycopodium selago spores. Poly-
podium spores initially form as much as 5Q% of the total pollen and spore 
-spectra before declining to 10- 1~. Aquatic pollen values remain below 
r;%. 
Concentration ( x10-3grains/cm3 ) Pollen Diagram (Fig. 6- 2). 
Total pollen concentrations range from 46 near the base of the zone 
to over 86 near the ~p. Tree pollen values remain low (less than 11) 
while Empetrum concentrations expand rapidly from 2 at the base of the pro-
file to 26 at the upper zone boundary. Cyperaceae pollen values expand 
more rapidly than Gramineae values, while high basal concentrations of 
Rumex pollen are succeeded by Saxifrgga undiff. Lycopodium concentrations 
fall from 10 to zero before reaching a peak of 13. Polypodium values 
however remain between 10 and 15 throughout the zone. These values are 
low when compared to the re presentation of Polypodium in the percentage 
diagram. 
Armeria, Artemisia, Caryophyllaceae, Chenopodiaceae, Filipendula, 
Liguliflorea, Matricaria type, Pinus sylvestris, Rosaceae, Ranunculaceae, 
Thalictrum Umbelliferae and Urtica are all first recorded in ·chis zone. 
POLLEN ZONE SA2 
Percentage Pollen Diagram (Fig. 6- 1). 
This zone is typified by an expansion of tree and shrub pollen to-
wards the middle of the zone, with a subsequent decline in the pollen 
values of these species towards the upper zone boundary. Betula pollen 
increases sharply in the middle of the zone to 17% while Pinus and Salix 
percentages remain low. The small increase of Betula/Corylus/Myrica 
grains is probably associated with the increase in Betula pollen grains. 
Empetrum values range from 36% at the basal zone boundary to 17% 
at the top of the zone. Artemisia reaches a peak of 9.% near the upper 
zone boundary as do Cyperaceae and Gramineae pollen. Filipendula is 
present throughout the zone. 
Of the various spores recorded, Dryopteris fi lix-n'.as _. increases to 
a maximum in the middle of the zone in contrast to Lycopodium selago 
spores. The distribution of PolypodiUf spores is similar to that of 
Dryopteris filix-mas~-. The boundary between zones SA 2 and SA 3 is delimited 
by the fall of Betula pollen to 1%, the rise of Cyperaceae pollen above 
30% and the de~se above this level of aquatic pollen. Many other herb 
pollen records cease at this level. These~ecies include Artemisia, 
Caryophyllaceae, ChenopodiaceaeLiguliforeae, Ranunculus repens and ~· 
undiff., Rumex acetosa, R. acetosella and aquatic pollen, Myriophyllum 
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al terniflorum and M. undiff, 
Concentration ( x10-3grains/cm3) Pollen Diagram (Fig. 6- 2). 
The pollen concentration values for many species show a much 
greater variation in their pollen spectra than is suggested by the 
percentage pollen diagram. Species representation is similar, but 
with a pronounced peak in Empetrum, Cyperaceae, Gramineae and Poly-
a 
pod~ceae near the top of the zone which is not represented on the 
percentage diagram. Concentrations at this level reach 143 as opposed 
to the second highest value of 86. This former peak may be anomalous 
(see below). 
POLLEN ZONE SA 3 
Percentage and Concentration Pollen Diagrams (Fig. 6- 1 & 2), 
The pollen record of the zone is composed of only 1 levels, 
inclusive of the zone boundary levels. Only 21 of the 60 taxa recorded 
in ~his diagram are represented at these levels. Pollen concen&rations 
of Betula, Empetrum, Cyperaceae, Gramineae with spores of Lycopodium 
selago and Polypodiaceae reach a maximum in the lower part of the zone 
before decreasing to the upper zone boundary. There are several variations 
between the pollen concentrations and the percentage diagram, probably 
reflecting the low number of species recorded at each level. 
POLLEN ZONE SA4. 
Percentage Pollen Diagram (Fig. 6 - 1). 
The base of this zone is marked by the presence of numerous species 
found in pollen zone SA2 but not in zone SA3. Betula pollen increases 
rapidly to a diagram maximum of nearly 30% while Salix pollen also forms 
a diagram maximum of 12% at the same level. Empetrum, Artemisia and 
Cyperaceae pollen decrease from initial high levels at the basal zone 
boundary, while Gramineae pollen increases from Q% at the bottom to 27% 
at the top of the profile. The middle of the diagram is dominated by 
a large peak in Polypodium spores. 
·Concentration ( x10-3grains/cm3) Pollen Diagram (Fig. 6 - 2). 
Pollen concentrations closely ralect the percentage values in this 
zone. There is the initial rise of Betula pollen, followed by a peak of 
Polypodiaceae and then the subsequent expansion of Empetrum, Gramineae 
and herb pollens. New taxa first recorded in this zone are Galtha, 
Helianthemum, Labiatae, Papilionaceae, Plantago undiff., Juglandaceae 
and Dryopteris cathusian a 
Salen An Interpretation of the Fossil Pollen Record. 
Zone SA1. 
Betula pollen is recorded throughout the zone forming approximately 
~ of the total pollen spectra. As Betula is a high pollen producer 
(Andersen, 1966) it must have formed a small component of the vegetation. 
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The Betula pollen is assumed to have been derived from the dwarf birch 
species Betula nana (Seddon, 1962). B. nana has a wide ecological tol-
erance and is characteristic of open habitats, but not in areas with a 
late snow-cover (Dahl, 1956). 
The Salix pollen spectra has a distinctive peak (of 8%) in the 
middle of this zone. Salix is usually under-represented in modern Scot-
tish sub alpine pollen spectra and this under-representation is also known 
from studies in Lapland (Birks, 1973). Much of this Salix pollen is 
probably derived from the species s. herbacea. 
snow-bed and pioneer species (Hafsten, 1963). 
This plant is a geniune 
Palmer and Miller (1961) 
found that in Austria, S. herbacea colonized ground within a year of 
glacier recession. It has an ecological preference for fresh soils poor 
in lime and may be regarded as an important member of the pioneer com-
munity of this zone. 
The shrub pollen spectra are dominated by the rapid increase of 
Empetrum pollen throughuot the zone. Pollen from both E. nigrum and 
E. hermaphroditum may be included in the spectra. Both these species 
have a wide ecological tolerance, though they are intolerant of soli-
fluction (Brown, 1971) and are rarely found in a chionophilous plant 
community (Hafsten, 1963). These dwarf shrubs thrive on acid soils and 
are indicative of soil pover~ (Vasari and Vasari, 1968). H. H. Birks 
(1972b p. 736) describes Empetrum habitats as being 'wind-blasted 
plateaus' and 'acid cliff ledges'. Empetrum has a preference for oceanic 
climates, probably because it is restricted to areas where snow cover 
disappears relatively rapidly (Bell and Tallis, 1973). 
Initial high values of Rumex species are indicative of open ground 
vegetation (Clapham, Tutin and Warburg, 1962). Dahl (1956) found that 
Rumex acetosa is common in low-alpine belts in the R,_.tondane, Sweden, while 
many Rumex species are markedly chionophobous, being restricted by snow 
patches and higher soil moisture (Walker, 1975a). Birks (1973) found 
that Rumex acetosa pollen is always abundant in the modern pollen rain 
of Scottish sub-alpine vegetation. Matthews (1975) has investigated 
the succession of plants tnat colonized a glacier foreland at Storbreen, 
Norway. Rumex species, especially Oxyria digyna is one of the first plants 
to colonize the exposed ground. The Rumex pollen spectra may include 
pollen grains of Oxyria digyna as the pollen grains of the latter are 
morphologically similar to Rumex and cannot easily be distinguished 
(Birks, 1973, p. 236). 
Matthews (1976) notes that Rumex is closely followed as a pioneer 
plant by Saxifraga species. This is suggestive, as an 8% peak of 
Saxifraga pollen is recorded at only the second level from the base of 
the profile, while Rumex pollen declines at this point. Saxifragaceae 
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are characteristic arctic and alpine plants and the pollen spectra are 
thought to include S. stellaris, S. h~oides, S. aizoides and S. oppositi-
folia (Birks, 1973). On the Isle of Skye Birks (1973) found that S. stellaris 
pollen 'is virtually exclusive to spectra from summit vegetation( (p. 286). 
He also found that S. hypnoides is a high pollen producer so this species 
may form a high proportion of the Saxifragaceae pollen that has been 
recorded at Salen. Palmer and Miller (1961), like Matthews (1975) found 
that Saxifraga aizoides can establish itself on fluvioglacial gravels 
within one year of exposure, and pr~bably owes its success as a pioneer 
species to a perennial root system. Saxifraga species are characteristic 
of base-rich soils (Anderson, 1961; Dahl, 1956). They are found on 
disturbed soils in present tundra environments (Stork, 1963; Perssen, 
1964) and on bare gravels and screes in the Alps (Palmer and Miller, 1961). 
Other herb species represented in the fossil pollen rain at the 
base of the profile are Artemisia, Caryophyllaceae, Chenopodiaceae, 
Cyperaceae, Gramineae, Rosaceae, Umbelliferae anqThalictrum. 
Artemisia is widely regarded as a genus that is indicative of disturbed 
soils (Walker, 1974; Simpkins, 1974) and has a high pollen production 
and dispersal rate (Bent and Wright, 1963). An important anemophilous 
pioneer herb, Artemisia is generally thought to represent Lateglacial 
steppe or tundra conditions (Hafsten, 1963) though it is intolerant of 
snow-cover. 
Thalictrum alpin~ is recorded throughout the zone. It is presently 
restricted above 650m and is common today only in the Scottish Highlands. 
This al ti tudinal i~.t~i:c.tio~ .. is . in O.Qntrae·t: to·. the wide al ti tudinal 
variation and lowland occupation during the L.ateglacial (Godwin, 1956). 
A slight calcicole, Thfrlictrum alpinum prefers open soil conditions 
and freedom from closed cover vegetation (D~l, 1956). 
Cyperaceae are mainly chionophilous and are characteristic elements 
of snowbed communities in areas of northern Sweden today (Gjaerevall, 
1965). Birks (1973) found that Cyperaceae pollen was dominant in 
modern pollen rain spectra from moununn summit vegetation on the Isle 
of Skye. This is supported by modern pollen rain studies from the 
tundra regions of Canada and Alaska where sedge pollen values were high 
in areas where local reedswamp development was minimal (Lichti~­
Federovich and Ritchie, 1968). Gramineae pollen values are less than 
Cyperaceae in this zone. However, although grass pollen is very char-
acteristic of sub-alpine pollen spectra, low pollen values are more common 
DXm high alpine communities (Birks, 1973). As a result, grass species 
may have been well represen~ed in the surrounding vegetation. 
High values of Lycopodium selago and Polypodiaceae characterize this 
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zone. Lycopodium selago is presently found on the rock ledges and moun-
tain tops up to 1300m in Britain and is typical of open montane habitats 
(Clapham, Tutin and Warburg, 1962). Dahl (1956) found L. selago·at 
higher levels on soliflucted soils in the Rhondane. Birks (1973) 
recorded an abundance of L. selago spores in modern Scottish alpine 
communities, despite low cover on the ground. Lycopodium alpinum 
is also present at the base of the zone, and is a chionophilous species 
sensitive to solifluction (Dahl, 1956). 
Polypodiaceae species include PolyPodium vulgare and Blechnum 
spicant. The former is presently found up to 900m and the latter, a 
calcifuge, is common in mountain grasslands, dwarf shrub heath and on 
rocky ground up to 1300m. Dryopteris felix-mass would have been as-
sociatedw.ith ~ two species and is gound throughout the British Isles 
today on rocks and screes ascending to 1050m (Clapham, Tutin and Warburg, 
1962). 
These Pteridophytes support the inferences made from the tree, 
shrub and herb pollen that a cold alpine type of open vegetation existed. 
The pollen zone represents a pioneer plant community inhabiting fresh ground 
with the cessation of solifluction at low altitude. 
Zone SA2. 
The expansion of Betula pollen from &.% to over 1~ in this zone is 
probably a ralection of the arrival into the area of tree birch, 
Betula pubescens, establishing itself in sheltered lowland areas. No 
distinction was made between pollen grains of Betula nana and tree birch 
species (see Chapter 5) so the assumption is made that the influx of 
Betula nana pollen has remained constant. The subsequent fall in Betula 
pollen towards the top of the zone reflects the decline of first Betula 
pubescens and subsequently B. nana in the surrounding vegetation. 
Salix pollen remains comparatively constant throughout the zone, as 
do the small values of Pinus pollen. The latter is interpreted as being 
derived from long distance transport and these low values are typical of 
many Scottish Lateglacial pollen diagrams (e.g. Walker, 1975a; Robinson, 
1977). 
Shrub pollen and indeed the total pollen spectra are dominated by 
Empetrum (both E. hermaphroditum and E. nigrum). Percentage values 
fluctuate considerably while pollen concentration values show three 
major peaks, the lowest of which forms the lower zone boundary. Both 
E. hermaphroditum and E. nigrum have a preference for cool, oceanic con-
diti~ with heavy cloud cover and high precipitation (Brown, 1971). In-
tolerant of shade and solifluction (Iversen, 1954), Empetrum heaths must 
have constituted an important element in the landscape of the adjacent 
area. This heath community was probably supplemented byother Ericace~~~ 
:., 
notably small quantities of Calluna vulgaris. 
Artemisia is a species that is intolerant of snow cover and is 
generally thought to represent Lateglacial steppe or tundra conditions 
(Hafsted, 1963). As Artemisia is widely regarded as being indicative 
of disturbed soils and solifluction (Walker, 1974; Simpkins, 1974) the 
increase in Artemisia pollen towards the top of the zone may reflect the 
resurgence of solifluction. 
Cyperaceae pollen is characteristic of snowbed communities and 
mountain summit vegetation (Dahl, 1956; Birks, 1973). The pollen re-
corded in this zone was probably derived in part from alpine communities 
on the higher ground above the site (e.g. the south-west slopes of Ben 
Resipol). The rapid increase of Cyperaceae pollen to 44% of the total 
pollen spectra at the top of the diagram is indicative of the establish-
ment of more widespread plant communities. A similar situation is 
reflected by the Gramineae pollen record during this zone. Pollen 
values remain at approximately 2~fo throughout the zone, with a slight 
increase at the upper zone boundary. The contribution of grass pollen 
is not known (Birks, 1973) but the later increase of Gramineae pollen 
may reflect the increasing distribution of sub-alpine communities in the 
area. Birks (1973) found from modern pollen rain studies that the pre-
dominence of grass pollen in sub-alpine zones is a relection of two 
prolific pollen producers, Anthoxanthum oaoratum and Descham~a ces-
pitosa. Also, open grassland communities may have been more extensive 
than is suggested by the pollen record because of the under-representation 
of many grass species in the pollen rain. _. 
Rumex pollen is indica~ive of open and disturbed habitats (Simpkins, 
1974; Dahl, 1956). The continued presence of Rumex throughout this 
10ne is regarded as evidence for the persistence of solifluction and the 
associated sub-alpine and alpine plru1t communities on the more moun-
tainous ground to the N.E. of the site. 
Dryopteris filix-ffi~s , recorded in the central and upper portions 
of this zone is indicative of rocky and scree vegetation. Many of the 
spores may have been derived from the crags on the eastenfside of the 
lochan. Lycopodium selago is recorded in high concentrations at the 
upper and lower boundaries of the zone. This species is typical of 
open habitat communi ties on high ground today (Clapham, Tu tin and 
Warburg, 1962) and is characteristic of soliflucted soils (Dahl, 1956). 
The spore record is interpreted as reflecting the stabilization of 
soils towards the middle of the pollen zone and the subsequent increase 
in spore concentrations indicating the onset of periglacial conditions 
and soil beak-up. Polypodiaceae spores, however, increase towards the 
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centre of the zone reflecting the stabilization of soils and the devel-
opment of more closed plant communities. 
Pollen grains of aquatic species are represented by Myriophyllum 
alterniflorum and M. undiff.; the latter include M. spicatum and 
M. verticillatum. M. alterniflorum is common today in base-poor and 
peaty water while M. spicatum and M. verticillatum prefer more base-
rich conditions (Clapham, Tutin and Warburg, 1962). The latter two 
species may have existed locally where streams carrying base-rich sediment 
entered the lochan. The cessation in the pollen record of all 
Myriophillum species at the upper zone boundary is interpreted as reflec-
ting the decreasing temperatures with the onset of the Loch Lomond 
stadial. Walker (1974) however has suggested that Myriophyllum species 
prefer a clear water habitat and that their demise during the stadial 
may represent the increased sediment input into the lochan related to 
the increased solifluction activity. A combinatiou of both these factors 
appears likely. 
Zone SA3 
This pollen zone has a very low pollen concentration and may be equated 
with the minerogenic clays, sands and angular solifluction debris found 
between the depths of 286 and 405 cm in the profile. The base of the 
pollen zone is marked by the abrupt termination of the pollen spectra 
of many species, notably the herb pollens. This zone has a poor variety 
of plant species, with an average of only 8 being recorded at each level 
(in the zone). This contrasts with an average of 22 in zone SA1, 23 in 
zone SA2 and 28 in zone SA4. 
Zone SA3 consists of 7 levels, inclusive of the zone boundaries. 
With the exception of one level, pollen concentrations are low. The 
principal taxa are Empetrum, Cyperaceae, Gramineae, Lycopodiaceae and 
Polypodiaceae. The lowest level in the zone contains several species 
that are not recorded in the rest of zone SA3. These are Betula, Pinus 
sylvestris, Salix, Rumex undiff., Saxifragaceae, Lycopodium clavatum, 
Selaeinellaiselaginoides and Myriophyllum alterniflorum. These species 
are considered to relate to the interstadial flora and will not be dis-
cussed in this section. 
The principal taxa are the first five mentioned above and they 
ma~ collectively represent a tundra vegetation. Although Empetrum 
is intolerant of solifluction (Brown, 1971) it is a low alpine species 
with a wide ecological tolerance (Hafsten, 1963). It is characteristic 
of the oceanic west coast (Bell and Tallis, 1973) and was probably re-
stricted to more favourable coastal areas. Cyperaceae are markedly 
chionophilous and Gramineae pollen values remain low, possibly because 
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grass pollen is typically under-represented in high-altitude chion-
ophilous vegetation. Lycoppdi~elago is characteristic of soliflucted 
soils (Dahl, 1956) and there is typically an abundance of 1. selago in 
modern Scottish alpine communities (Birks, 1973). 
It is suggested that certain levels in this zone are anomalous 
and are related to the inwash of interstadial vegetation. For instance, 
the presence of Myriophillum undiff. and Betula undiff. at level 3.1om. 
Zone SA4. 
The lower boundary of this zone is delimited by the presence of 
pollen grains of many species not found in zone SA3, but which were 
recorded earlier in zones SA1 and SA2, together with pollen grains of 
some species not previously recorded at this site. The top of the profile 
forms the upper zone boundary. 
Betula pollen increases within 4cm of the zone boundary from 0% 
to nearly 3o% of the total pollen spectra. This rapid increase is at-
tributable to the colonization of open ground by Betula nana, estab-
lishing itself as a pioneer species as the shrub thrives in the absence 
of competition and is characteristic of open habitats (Andersen 1961). 
An initial increase in Salix pollen probably represents the colonization 
of base ground with Salix forming part of a pioneer community. Salix 
herbacea was probably the most dominant species as ·it is a noted chiono-
phile and pioneer of glacier forelands (Palmer and Miller 1961; 
Matthews, 1975). As many Salix species (including S.herbacea) are 
snowbed species this peak in Salix pollen may represent the ephemeral 
development of snowpatch vegetation during a period of climatic amelior-
ation. The presence of Alnus pollen, a relatively warmth-demanding 
species (McVean, 1953) at the top of the profile reflects the progressive 
amelioration of climate throughout this zone. 
Ericaceae dominate the shrub pollen. Empetrum concentrations fall 
from zone SA3 to SA4 and then rise to the top of the profile. Empetrum 
thrives on acid soils but is restricted by solifluction (Vasari and Vasari, 
1968). If the Empetrum record of zone SA3 is regarded as being somewhat 
anomalous, then the Empetrllir.. spectra in zone SA4 represent the expansion 
of Empetrum heath with ameliorating climatic conditions. This heath 
development is reflected by a similar increase of Ericales pollen. 
The herb pollen record shows a similar pattern of pioneer communities 
at the base of this zone to that which was recorded in zone SA1. Cyperaceae 
and Gramineae pollen increase generally throughout the zone; firstly on 
low ground (as is ralected by the high Cyperaceae values) and then as 
closed vegetation cover develops, they are restricted to the open vege-
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tation to higher altitudes. Rumex species are present throughout the 
zone. Rumex acetosa is not present in any quantity, in contrast to the 
base of zone SA1. It is a species restricted by snow patches and higher 
soil moisture and it may have been affected by the rapid melting of snow 
and ice in the vicinity of the site. 
The improving climatic conditions are reflected by the rapid in-
crease 9f tbe aquatic pollen spectra. The sudden increase of Myriophyllum. 
alterniflorum is regaxded as being an early indicator of ameliorating tem-
peratures as it does not require the establishment of a substrata like 
terrestrial plants. Walker (1974) has also suggested that the rapid 
colonization is less dependant on temperature than on the cessation of 
inwash and the subsequent increased clarity of the water. Both support 
the general inference of the stabilization of soils associated with the 
termination of stadial conditions. 
Sal en The Site compared with other Lateglacial Sites in Scotland. 
P.a.z.SA1 Rumex-Salix-PolyPodiaceae. 
This pollen assemblage zone represents the establishment of an 
open, treeless vegetation after deglaciation · of the ice-sheet. The 
pollen record is similar to many other British Lateglacial pollen diagrams. 
Pollen concentrations range from 45 to 86 in this zone, which is slightly 
more than the 20-40 ( X 10-3 grains per cm 3 ) found from shrub tundra 
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in Greenland (~dskild, 1969). However, they are comparable with figures 
of less than 100 for the basal Lateglacial sediments at Low Wray Bay, 
Windermere (Pennington, 1977). This zone is comparable to the Rumex-
Gramineae zone of Western Britain described by Pennington (1977). 
In the N.W. Highlands, Pennington (1975b, 1977) has established 
a basal pollen assemblage zone (p.a.z.) consisting of Rumex - Lycopodium 
selago - Salix herb§cea. from the palaeolimnological studies of 18 lochs. 
Basal Rumex levels are high at these sites, forming between 20 and 40% 
of the total pollen spectra; this is comparable with 27% at Salen. 
Salix levels are generally ~ higher than at Salen. There is however 
no evidence for a Bolling oscillation at Salen that Pennington has demon-
strated occurred at some sites in the N.W. Highlands (Pennington, 1975b, 
1977). 
Birks (1973) also found no evidence for a Bolling Interstadial on the 
Isle of Skye and concluded that 'there was a progressive unidirectional 
vegetation succession .•• presumably in response to a climatic amel-
ioration starting at about 12,800 years B.P.' (p. 383). Basal pollen 
assemblage zones on Skye are of Lycopodium - Salix herbacea - Rumex 
types with Salix values being similar to Salen (e.g. 7% of Salix pollen 
at Lochan Coir 'a' G~.bhat~~t\) • 103. 
Rumex values are lower on Skye (usually by about ~) than those 
recorded at sites in the N.W. Highlands and at Salen. Si~larly, to 
the south of the Salen site at Drimnagall, Argyllshire, Rymer ~1977) 
records Rumex values reaching 2Qr~. Pennington (1977) compared these 
high Rumex levels with surface samples from pioneer communities in the 
Jostedalsbre (Faegri, 1933) where Rumex pollen was abundant. She con-
cluded that this Rumex- Gramineae basal zone in western Britain 
'represents primarily those communities which were able to coloni~e and 
develop on immature soils, at a time when the length of snow-lie in the 
lowlands had been reduced, and solifluction had become less intense. 
The presence of taxa indicative of tall herb communities and of dwarf-
shrub heath (Betula nana, Empetrum) shows that a vegetation mosaic, 
representative of unstable and of stabilized habitats must have been 
present' (p. 258). This conclusion aptly describes the probable con-
ditions during the onset of pollen deposition at Salen. Empetrum 
and Betula nana represent the stabilized vegetation with Cyperaceae, 
Gramineae and Lycopodium selago on more unstable ground. 
The presence of 23 taxa in the basal layer of the zone suggests 
the spread and vigour of the initial colonization. This may reflect 
rapid climatic amelioration; the lack of existing competition; the 
absence of control by i~tolerance to shade that would enable many 
species to establish themselves simultaneously and the initial base-
rich conditions that allowed the establishment of a species-rich 
grassland before subsequent leaching of the immature soils depleted 
their nutrient status. 
P.a.z. SA2. Empetrum - Gramineae. 
The p.a.z. SA1 represented the establishment of pioneer vegetation 
in response to ameliorating climatic conditions after deglaciation. 
This vegetational succession continued progressively till the end of 
the Empetrum - Gramineae p.a.z. SA2. The open vegetation dominated by 
Rumex and Lycopodium species gave way to an Empetrum heath with dwarf 
birch and perhaps tree birch remaining on the lower bill slopes. Open 
grassland vegetation, however, persisted on higher ground. 
This vegetatioval sequence is typical of Lateglacial Interstadial 
pollen diagrams published for Western Scotland. On the Isle of Skye, Birks 
(1973) found high percentages of Betula pollen at Loch Meodal,associated 
with macro-fossils of Betula pubescens. At other sites, shrub-dominated 
communities were recorded e.g. the dominance of juniper and dwarf birch 
communities and the Empetrum heaths associated with low values for 
Calluna at Loch an Coir 'a' Ghobhainn and Loch Cill Chriosd. Birks 
found that at the latter site, the polle4spectra could not be compared 
with any surface pollen spectra from Highland Britain today. The high 
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(3o%) Empetrum values and low Calluna percentages (less than ~) 
form a comparable situation to the Salen pollen record. Gray and Lowe 
(1977) have suggested, in relation to the sites on Skye, that such a 
modern analogue should not be expected because of the unstable relation-
ship between biota and climate, as inferred from Coleopteran evidence, 
that existed at this time. This suggestion is supported by the fact 
that Birks ( 1973) found the vegetational responses to eda.phic factors 
to be more important criteria, rather than the climate, for vegetational 
differentation. 
The p.a.z. SA2 is unusual in that juniper is not represented in 
the pollen record. The expansion of the juniper pollen frequently 
recorded during the Lateglacial Interstadial and again at the beginning 
of the Postglacial is often characteristic of the transition from herb-
dominated to tree-dominated pollen assemblages, generally interpreted 
as a response ~o climatic amelioration (H. H. Birks, 1972b). A pos-
sible explanation for the absence of juniper pollen may be that if 
juniper was present, it occurred as small prostrate plants that were 
restricted in their pollen production by snow cover. The absence of 
a juniper rise is also found at some other Lateglacial sites in Scotland, 
(e.g. Glassnock in Wester Ross (Robinson, 1977) ) and 
northern England (e.g. at Greeland, Dolton-in-Furness (Johnson et al., 
1972). 
The plant communities represented by the pollen record in this 
p.a.z. appear to show a greater affinity with the sites of Skye and the 
N. W. Highlands than those farther south e.g. Drimnagell, Argyll 
(Rymer, 1977). Comparison may also be made with sites in the southern 
Grampians (Walker and Lowe, 1977; Lowe, 1977; Walker 1974). 'Following 
the initial period of vegetational development, the trend towards soil 
stability is marked in all profiles by an increase in percentages of 
locally derived woody-plant pollen and ••• a significant decrease in the 
numbers of open habitat taxa' (Walker and Lowe, 1977, p. 115). Total 
tree pollen increases towards the middle of p.a.z. SA 2 to 2Q% of the total 
pollen spectra with a comparable decrease of herb pollen. As at the sites 
of Cambusbeg and Tynespirit, near Callander, tree birch would have formed 
limited woodland~ cover. The high values of the shade-intolerant 
Empetrum, however, suggest that this vegetation cover must have been 
restricted. 
The persistence of Rumex pollen throughout the interstadial, to-
gether with high values of Cyperaceae, and Gramineae pollen, and Lyco-
podium selago spores reflect the continued presence of open grassland. 
This implies that bare ground and unstable soils persisted at higher 
altitudes in the area. An analogous situation . 
7 
____ - occurred at the 
Amulree site in the S.E. Grampians (Lowe and Walker, 1977). 
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P.a.z. SA3. Empetrum- Gramineae - Cyperaceae. 
The pollen spectra at Salen during this zone are not sufficiently 
detailed to make a detailed comparison with other pollen sites in Scot-
land. However, they can be broadly equated to the Loch Lomond Stadial 
pollen assemblage zones of other Lateglacial sites. This zone (SA3) 
corresponds to the Gramineae - Cyperaceae p.a.z. of Pennington (1977) 
for Hestern Britain, who states that 'in each instance, the sediment 
lies between deposits containing raised percentages of Betula which are 
correlated with the Late Devensian interstadial and the base of the 
Flandrian sequence' (p. 265). 
The absence of Artemisia pollen in this zone is typical of compar-
able stadial pollen assemblage zones determined by Birks (1973) in Skye, 
by Walker (1974) in the Grampian Highlands and by Brown (1977) on Bodmin 
Moor. However, there are other sites in Western Britain that do record 
high values for Artemisia e.g. Drimnagall in Argyll (Rymer, 1977) or 
Glanllynnan in North Wales (Simpkins, 1974). Artemisia is intolerant 
of snow cover ~d is found in dry habitats (Iversen, 1954). It is a 
plant typical of a continental periglacial environment. Consequently, 
if precipitation during the stadial remained high (or approaching present 
levels) as suggested by Sissons and Sutherland(1976) then the predomin-
ance of Artemisia in the latter sites is surprising. 
It is difficult to estimate if many of the interstadial soils sur-
vived through the stadial period. The increase in indeterminate 
crumpled and degraded pollen grains during this zone suggest that con-
siderable areas of the lowland soils were destroyed. This destruction 
would account for the anomalously high values of Betula undiff. and 
Empetrum pollen found in this zone; their derivation from interstadial 
soils is far more probable than from the stadial pollen rain. 
The increasing evidence from other disciplines supports the paly-
nologi~al conclusions for climatic deterioration and the associated 
destruction of the interstadial vegetation. This includes the analysis 
of diatom assemblages (Haworth, 1976; Pennington, 1977); the chemical 
analysis of lake sediments (Pennington et al., 1972; Pennington, 1977); 
and studies on fossil Coleoptera indicating rigorous climatic conditions 
(Bishop and Coope, 1977). On the basis of this evidence · 
the widespread destruction of the interstadial soil horizons in most 
parts of Scotland must be accepted. There is no reason to suggest that 
the area surrounding the Salen site was not similarly affected. 
The pollen record from many Lateglacial sites in Scotland reflects 
vegetation characteristic of base-rich conditions. This vegetation is 
sometimes similar to the pioneer vegetation of the early interstadial 
period (Birks, 1973). However, the only taxa that have been recorded at 
Salen.that would be in this category are Lycopodium selago and Rumex 6 10 • 
undiff. Other species that are typical of open vegetation which were 
present during zones SA1 and SA2, but were not recorded during zone SA3, 
are c.omposi tae, Cruciferae, Caryophyllaceae and Chenopodiaceae. 
P.a.z. SA4. Betula - Salix - Empetrum. 
The abrupt resumption of numerous species in the pollen record 
at the lower zone boundary marks the beginning of the Postglacial period. 
This transition is typical of many Scottish Lateglacial pollen diagrams. 
The rapid soil stabilization and the development of first open and then 
closed vegetational cover is interpreted as a direct response to 
ameliorating temperatures and the rapid colonisation of maturing soils 
by immigrating plant communi ties. 
The re-colonization of the area surrounding the site at Salen 
occurred in a comparable manner to the pioneer communities of p.a.z. 
SA1. The re-establishment of dwarf, then possibly tree birch, Em-
petrum heaths and the rapid increase in the aquatic pollen spectra are 
characteristic of early Flandrian vegetation (Pennington et al., 1972; 
1977). Relatively swift changes, with the establishment of a closed 
vegetation occurred after the initial open pioneer plant 
communities. The absence of the juniper rise is unusual, although 
it has not been found at other sites in Western Britain (e.g. Glassnock 
in Applecross (Robinson, 1977)). The recording of Alnus and Corylus/ 
Myrica pollen grains at the top of the profile marks the beginning of 
mixed deciduous forest development. 
Salen : Chronology 
The basal Postglacial radiocarbon date of 9,796 ~ 75 (SRR- 1211) 
obtained for the Salen site is comparable with two radiocarbon dates 
obtained by Birks and Williams (unpublished) from Salen. These two 
basal Postglacial dates of 10,093 ! 95 B.P. (SRR - 1186) and 9,483 ± 
70 B.P. (SRR- 1185) were taken from the bottom 6 and 5 cm of the core 
respectively. Comparison of the writer's pollen diagram with an unpub-
lished Postglacial pollen diagram for Salen by Williams shows that the 
basal Postglacial organic material had similar pollen spectra. Thus an 
age of between 10,093 and 9,796 B.P. can be accepted at Salen for the 
Loch Lomond Stadial Postglacial transition. 
This approximate age of 10,000 B.P. for the Lateglacial/Postglacial 
transition has been widely accepted elsewhere in Britain (e.g. Mitchell 
et al., 1973; Godwin and Wills, 1958). However, this almost universal 
acceptance for the termination of the Lateglacial Stadial by about 10,000 
B.P. differs from radiocarbon dates obtained from Rannoch Moor. Here, 
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basal Postglacial dates of 10,600 ± 240 (SRR - 1074) and 10,520 ! 330 
(Billi~ - 723) have been obtained, (Lowe and Walker, 1976; Walker and Lowe, 
1977, 1979). These dates were unexpected because the Rannoch Moor basin 
is believed to be one of the last centres of deglaciation of Loch Lomond 
ice in Scotland (Sissons, 1978b, 1977c). Even allowing for considerations 
such as the large standand deviation of these dates and for the possibility 
of hard water error, deglaciation of the Rannoch Moor basin appears to 
have been completed by 10,200 B.P. 
Lowe and Walker (1980) review the problems associated with their series 
of radiocarbon dates from Rannoch Moor. They discuss the different pos-
sibilities fo~ error associated with radiocarbon dating and attribute the 
discrepancies between radiocarbon dates at different sites to various 
combinations of these errors. Sutherland (1980) discusses the problems 
of dating deposits from a newly deglaciated terrain. Sutherland points 
out that freshly deglaciated ground is distinctive in its chemical and 
biological character with the possibility of contamination from a variety 
of sources (e.g. old carbon availablefrom rocks and interglacial soils; 
carbon from a predominance of aquatic sources). He concludes that on 
balance, these potential sources of error will make observed dates 
slightly older. Such a conclusion does not reconcile the Rannoch Moor 
dates with the established chronology or with the bas~l Postglacial dates 
described above from Salen, some 50 km furtber west. 
The second date from Salen (10,643 ~ 75, SRR - 1212) for the inter-
stadial/stadial bmmdary is rather young by comparison with the 'establi~hed' 
Lateglacial chronology. This boundary is frequently put at 11,000 B.P. 
(e.g. Mangerud et. al., 1974; Mitchell et al., 1973). However, some sites 
do have younger radiocarbon ages for this transition e.g. 10,698 B.P. at 
Cam Loch (Pennington, 1975b) and 10,764 ~ 120 B.P. at Loch Etteridge 
(Sissons and Walker, 1974). 
This date (SRR- 1212) must be treated with caution. Due to the 
combination of samples for dating purposes (see above), contamination is 
not unlikely. Secondly, the penetration of roots into the stadial 
minerogenic sediment may have introduced younger carbon into the sample. 
The material for dating wascarefully scrutinized for obvious contamination, 
but it is still possible that microscopic particles may have been incor-
porated in the sample. 
Unfortunately, no basal radiocarbon date has been obtained for the 
Salen site. By comparison with the basal pollen assemblage zones of other 
dated sites in the N. W. Highlands (Pennington et al., 1972, 1975b, 1977) 
it is reasonable to infer that the basal sediments are approximately 13,000. 
radiocarbon years old. 108. 
Conclusion. 
After deglaciation of the area around 13,000 B.P. a pioneer 
vegetation of Rumex, Salix, Gramineae and Cyperaceae species became 
established. There was then a continuous vegetation succession, from this 
pioneer community, throughou~ the Lateglacial Interstadial. Shrub vege-
tation, especially Empetrum heaths were widespread with dwarf birch bang 
established in lowland areas. Open grasslands persisted on higher ground 
throughout the interstadial. 
The end of the interstadial at approximately 10,700 B.P. was marked 
by an abrupt change to cold climatic conditions. Minerogenic inwash 
was accompanied by the deposition of pollen grains and spores from a 
small number of alpine species, notably Lycopodium selago. The pollen 
and spores of only 8 taxa were recorded during the stadial as opposed to 
23 in the preceding interstadial. Warmer climatic conditionA at around 
10,000 B.P. led to the begi~g of the Postglacial period. The initial 
pioneer herb assemblages were replaced by Empetrum heath sC.rub and finally 
the development of closed deciduous woodland. 
The palaeoclimatic implications of the p'alynological evidence from 
the Salen site will be discussed in the following chapter. This evidence 
will be considered in relation to Lateglacial climatic inferences made 
in previous chapters and compared with Scotland as a whole. 
109. 
CHAPTER 1· 
Tl~ P!iliYNOLOGICAL HISTORY OF THE LOCH SHIEL DRAINAGE BASIN FOR PART OF 
THE POSTGLACIAL PERIOD. 
Introduction. 
The original intention of obtaining cores from the Loch Shiel basin 
was to test the interpretation that the Loch Lomond Advance ice limit was 
located at the western end of the basin (McCann, 1966; chapters 3 and 4 
this volume). The sequence of Lateglacial sediments obtained from a 
site near Salen, some 2-3 km outside this limit, provides positive evi-
dence that the Shiel glacier did not reach this point (see Fig.3.2 ). 
The absence of Lateglacial sediments inside the limit would provide 
negative evidence for the Lateglacial limit (Donnor, 1957; Robinson 1977; 
Lowe, 1977). However as early Postglacial sediments were not recovered 
from Loch Shiel the proposed Loch Lomond Advance limit cannot be tested 
by this method (but see Chapter 3.). 
Aerial photographs revealed raised shorelines above the surface of 
the present Loch, suggesting that Loch Shiel had once been part of the 
sea. Prelimin_ary samples of lacustrine sediment proved to contain 
palaeomagnetic remnants (Thompson, unpublished) so a combined investig-
ation of the lake sediments with Dr. Thompson of the Department of Geo-
physics, Edinburgh University, was possible. Dachnowski cores had 
previously been taked from a low-lying basin by the River f.olloch 
(NM 787687) with the aim of obtaining basal Postglacial, and possibly 
marine, sediments. However the stratigraphy of these cores suggested 
that neither of these sediments had been obtained and that the nearby 
river had continually interfered with the sediment deposition of this 
basin. Detailed analysis of these cores was therefore not attempted. 
The author hoped to obtain early Postglacial and marine sediments 
from the bottom of Loch Shiel using a Mackereth corer. Dr. R. Thompson 
was concerned wit~ investigating Holocene geomagnetic secular variations 
from the Postglacial gyttja of British Lakes (Thompson, 1973, 1975, _ 
1977; Creer, Thompson, Molyneux and Mackereth, 1972). Although the gee-
magnetic chronology relies on radiocarbon dates for absolut~s, once 
a sufficiently large number of dated palaeomagnetic records have been 
obtained, it may be possible to use rapid palaeomagnetic analysis as a 
method of. transferring reliable age estimates between sites, by the con-
struction of a palaeomagnetic 'master curve' (Thompson and Wain-Hobson, 
1979). As a result of the dependence of this method on radiocarbon 
dating, with its inherent errors, it is desirable to supplement these 
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dates with additional stratigraphical information. This is invariably 
pollen analysis (Thompson, 1977) so a combined project appeared to 
be mutually beneficial. 
Mackereth cores from Loch Shiel were obtained by Dr. R• Thompson 
and the writer. The former analysed the cores for their palaeomagnetic 
remnants while the latter undertook detailed pollen and chemical analysis 
of the sediments and obtained the 14C age determinations. In this 
chapter, aspects of the environmental history of the Loch Shiel basin 
for the latter part of the Postglacial will be discussed. After a brief 
review of the Postglacial vegetational history of Scotland, the site is 
described. Then follows a detailed account of the pollen stratigraphy 
and inferred former vegetational history. The lithological, palaeomagnetic 
and chemical stratigraphy of the lacustrine sediments are discussed later. 
The chapter concludes with a discussion of the Postglacial envir-
onment of the Loch Shiel basin, and a comparison is made between this 
and the Postglacial record from other sites in Scotland. 
The Postglacial Vegetational History of Scotland: A Review. 
Introduction. 
The pollen record from the Loch Shiel cores described in this chapter 
cover only the latter part of the Postglacial period. However, as a 
background to the vegetational changes during this period a brief outline 
of the vegetational history of the whole of the Postglacial period will 
be given, though the emphasis will be on the post-climatic optimum period. 
The first half of the Postglacial period is characterized by the 
successive immigration of tree species into Scotland. Many Scottish 
Postglacial pollen diagr9IDs indicate a series of pollen maxima of 
Juniperus, Corylus and Pinus. These species were succeeded in parts of 
southern Scotland by the establishment of such thermophilous tree species 
as Alnus, Quercus, Ulmus and occasionally Tilia. The widespread estab-
lishment of this deciduous forest was associated with·the climatic 
optimum. After this period these woodlands became influenced by anthro-
pogenic activity and climatic change. Dwarf-shrub heaths dominated by 
Calluna vulgaris replaced mature forest on sloping sites with the 
widespread development of blanket bog and raised moss mires on many 
flat summits. Extensive clearance of lowland forests by man culminated 
in the present landscape. 
In 1906 two Scandinavian botanists, Bly,t~_and Sernander related 
vegetational changes to differences in the biostratigraphy of the peat bogs. 
Sernander ( 1908) then related these phases to changes in the Baltic s·ea 
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and hence provided the first chronological division of the Postglacial. 
With the development of pollen analysis (Von Post, 1916) subsequent paly-
nological investigations allowed Jessen (1949) to divide the Late- and 
Postglacial vegetational history of Ireland into chronological pollen 
zones. Godwin (1956) accepted Jessen's zonal divisions for Ireland 
and applied them to British pollen diagrams . 
This six-fold numerical division of the British Postglacial by 
Godwin (1956) became widely adopted. The zonation scheme was based on 
the assumption that the relative variations in tree pollen at many 
different sites were synchronous throughout Northern Europe. These 
variations were essentially considered to be a response to climatic 
fluctuations. Godwin et al., (1957) made a very detailed analysis of 
a site at Scaleby Moss in Cumberland which was considered to show all 
the characteristic features of a Postglacial pollen diagram. However, 
subsequent radiocarbon dating of 16 horizons at a site at Red Moss, 
Lancashire (Hibbert et al. 1971), when compared with the Scaleby Moss 
site, revealed that some features of the Postglacial vegetational 
development (e.g. the Alnus and Corylus rises) were in fact diachronous. 
This conclusion was substantiated by Smith and Filcher (1973) who stated 
that ' where sufficient dates are available, most of the vegetational 
developments of the earlier part of the Postglacial are diachronous' (p.903). 
As a result of the non-synchronous nature of the Godwinian zones 
and therefore the invalidity of inter-regional comparison, this system 
has been replaced by a chronostratigraphic approach. Pollen diagrams 
from a certain area are assigned to a local zonation division based on 
the recognition of local pollen assemblage zones. These are later incor-
porated into a regional picture by the formation of regional assemblage 
zones. Radiocarbon dates then allow the absolute ages of these regional 
zones to be determined (see Chapter 5). 
As the use of the Godwinian zonation system to describe the Postglacial 
vegetational history has now been discarded (e.g. Birks 1977), the fol-
lowing outline of the Postglacial vegetational development of Scotland 
will be based on radiocarbon years B.P. 
10,000 - 7,000 B.P. 
The rapid rise in temperatures which terminated the cold phase as-
sociated with the Loch Lomond Advance was reflected in the swift develop-
ment of pioneer vegetation reminiscent of the early Lateglacial Inter-
stadia!. The pollen spectra indicating this initial period of veg-
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etation expansion are dominated by successive maxima of Empetrum, Juniperus 
and Betula pollen. The diachronous nature of this vegetational expansion 
and development is suggested by the fact that the juniper rise occurs 
later in pollen sites on high ground (Birks, 1973; Vasari and Vasari, 1968}. 
Tree birch (Betula species) was present before the juniper rise in 
many parts of Scotland, but its widespread colonization after juniper 
probably reflacts its higher temperature requirement (Iverson, 1960). 
Vasari and Vasari (1968) considered that in eastern districts of Scotland 
Betula woodland was more abundant than on the west coast where a more open 
treeless landscape prevailed. Here Salix and Juniperus remained as im-
portant vegetational components until much later into the Postglacial. 
However by 8,800 B.P. birch woodland had established itself over most of 
lowland Scotland. 
The expansion of birch was followed by the expansion of hazel pollen 
at many sites. This expansion occurred as early as 9,500 B.P. in the 
Morar Peninsula (Williams, 1977) and is indicative of the rapidly 
ameliorating temperatures of that time. Walker (1966) maintained that 
hazel flowers successfully within the 15°C July maximum isotherm while 
Betula P.Ubescens can dominate stable communities withintiE10°C July 
isotherm. Hazel was able to colonize previously forestless ground, re-
placing light Betula-Juniperus scrub and being particularly fatal to 
the light demanding juniper. The importance of Corylus in the woodland 
communities decreased northwards and westwards from the Grampian Mountains 
(Lowe, 1977). 
There are marked regional contrasts in the development of forest 
cover over Scotland as a whole, In northern Scotland and the Grampian: 
Highlands, Pinus sylvestris became and remained dominant over much of these 
areas. Vasari and Vasari (1968) showed that pine became established in 
the Abernethy forest region by 7,000 B.P. and that it has remained dominant 
in this region until the present day (Birks, H. H. 1975; 0 1Su]ivan, 
1974). The date of establishment of pine forests varies, but even in 
N.W. Scotland, Pennington et al. (1972) have shown that pine became 
dominant between 7,000 and 8,000 B.P. Pennington (1970) suggested that 
in the Lake District the spatial distribution of Pinuswas controlled 
by edaphic factors. This differed from Betula, Corylus, Ulmus and Quercus 
whose immigration had been climatically controlled. 
However in the mild, oceanic coastal lowlands of the N.W. Highlands 
oak dominated deciduous forest developed (Birks, 1973; Williams, 1977). 
There is also little evidence of Pinus dominance in the southern fringes 
of the Highlands or over the Midland Valley (Lowe, 1977; Newey, 1966) 
where the hazel-birch association was penetrated by more thermophilous 
tree species e.g. Ulmus, Quercus and occasionally Tilia (Birks, 1977). 
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1,000 - 5,500 B.P. 
The immigration of Alnus was used in the Godwinian zonation 
scheme to divide the Boreal from the Atlantic period. However the 
1 Alnus rise 1 in Scotland is far ~-aore spatially varied than in England 
and may have taken place over 1,000 years later (Pennington,et al. 1972). 
The extent to which Ulmus and Quercus invaded the pine forests varied 
in different locations. Little impact was made on the forests of the 
Abernethy region and in many other locations north of the Highland 
Edge. Oaks were dominant however in N.W.Scotland on low-lying littoral 
areas along western coasts and extending inland along the sea-lochs 
(McVean, 1964). South of the Highland Edge deciduous forests became 
dominant (Donner, 1962; Brooks, 1972) especially in S.E. Scotland. 
Here Ulmus and Quercus are well represented, a reflection of the more 
favourable environmental conditions in the Pentland and Moorfoot hills 
(Newey, 1968). 
The successive immigration of trees into Scotland reached a 
climax around 5,500 B.P. with the widespread establishment of mixed 
deciduous forests on low g±ound. On higher ground, pine forests reached 
altitudes of BOOm in the Cairngorms (Pears, 1974). This period is 
traditionally referred to as the Climatic Optimum (Pennington, 19?0). 
5,500 B.P. to present. 
The vegetational history of Scotland throughout this period reflects 
a complex interaction between climatic variations and anthropogenic 
activity. As the effect of man's influence on the landscape is difficult 
to assess, it is Gften not possible to make specific inferences about 
climatic variations. For exrunple, after the initial colonization of 
exposed ground after deglaciation, there is a natural tendency for leaching 
to occur throughout an interglacial period with the removal of base rich 
minerals from the soil. Typically, tnis results in a decrease of 
deciduous trees complemented by a return of Calluna and Betula heath, 
a situation known as revertance (Godwin, 1975). However, during the 
Postglacial, woodland clearance by man would also favour these light-
demanding species, so complicating the sequence of revertance. 
Probably the most characteristic feature of many British Postglacial 
pollen diagrams is the decline of Ulnus pollen approximately 5,000 
years ago. The reasons for this decline have been vigorously debated 
(Troels- Smith, 1955b, 1956, 1960; Seddon, 1967). It is now generally 
accepted that anthropogenic activity, rather than climatic change, has 
been the prime cause of the elm decline. Evidence for the early ac-
tivi t·±es of man in the Postglacial is becoming more widespread. For 
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instance in northern Scotland, the earliest evidence of anthropogenic 
influence upon the landscape is from a horizon in the lacustrine sediments 
of Loch Clair, dated at 5,300 B.P. (Pennington et al. 1972). In the 
Morar Peninsula., Williams (1977) found that an abrupt decline in elm 
pollen between 4,500 and 5,100 B.P. was associated with woodland clearance. 
The formation of open grassland was inferred from an increase in the 
pollen influx values for Plantago lanceolata and Pteridium aquilinum. 
Around 5,000 B.P. a climatic threshold appears to have been c~ossed 
in Highland Britain where soil degradation, as a result of rapid 
leaching, had reached a point that allowed extensive blanket peat to 
develop. In the central and N. \.f. Highlands the spread of blanket pea-t 
lead to the demise o~ extensive pinewoods as they succumbed to poor 
nutrition, problems of regeneration and possible wind damage. This 
combination of naturally adverse factors was probably concluded by 
anthropogenic burning (Pennington et al., 1972; H. H. Birks, 1975). 
H. J. B. Birks (1977 p. 128) states that 'the widesprea~spectacular 
decline in pine pollen' in the N.W. Highlands around 4,000 B.P. may have 
been caused by a 'combination of climatic changes and human activity in-
cluding burning', with the replacement of pine forests by treeless bog. 
This 'pine decline' also occurred in N.E. Ireland between 4,000 and 
3,800 B.P. (Smith and Filcher, 1973). 
Between 4,000 B.P. and the present day the pollen of dwarf shrub-
heath and mire communities found in many sites throughout Scotland 
reflects the widespread development of open moorland vegetation on 
acid leached soils. Numerous Scottish Postglacial pollen diagrams 
reflect this reduction of forest cover commensurate with an increase 
of plants indicative of open vegetation (Birks, 1977). Gramineae, 
Cyperaceae and Ericaceae form the most important constituents of the 
non-arboreal pollen. They are closely associated with the herb pollen 
of Anneria, Artemisia, Compositae, Galium, Plantago sp., Ranunculaceae, 
Rumex, Succisa, Urtica, and Pteridium aquilinum. 
The reduction of forest cover during the last 2,000 years has 
been severe, especially with the introduction of iron as a tool, and 
the domestication of animals preventing forest regeneration (Vasari 
and Vasari, 1968). Durno (1965) described examples of 'Landnam' 
clearance associated with 'cultural' pollens and minerogeric inwash of 
sediments in the upper part of site profiles. He attributed the sediment 
inwash to the effect of shifting cultivation with the indiscriminate 
clearing of forest for cultivation. This was typically indicated by 
the pollen of Plantago lanceolata, Rumex and Artemisia. Regeneration 
c 
of the forest then occurred with colonization by Betula, Que~s and 
some Ulmus, though the latter never regained its former status except 
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perhaps on richer coast~l sites. 
rl1he delimitation of 'Landnam' clearances sensu Iversen ( 1949), 
as a history of small temporary clearances, requires detailed pollen 
and radiocar·oon dating (Turner, 1965). Many Scottish pollen diagrams 
are not sufficiently detailed for a comprehensive picture of'Landnam' 
clearances to be obtained. However local sequences of temporary clearance 
have been described for some areas e.g. Ayrshire (Turner, 1965). 
The introduction of cattle and especially sheep during the agrarian 
changes of the 18th and 19th centuries was an important factor in pre-
venting the regeneration of woodl~1d. The popularity of 19th century 
grouse and deer shooting perpetuated the rotational burning of the 
heath, and this also contributed to the demise of the forest cover 
(Pearsall, 1968). 
Loch Shiel The site. 
Loch Shiel is a long narrow loch consisting of two basins. The 
larger is the north-easterly basin, which has been glacially excavated 
along a Caledonian fault and here the loch is confined to this narrow 
glacial trough. In this basin the deepest point of the flour of the 
loch lies 125m below sea level while the surrounding hills rise to 870m 
above the water surface. At Polloch (NM 788688) the loch turns west-
wards into the large broad western basin. This basin is surrounded by 
low hills up to 100m altitude; where not occupied by the loch the floor 
is extensively covered by fluvio-glacial sands and gravels, upon which 
an extensive bog (Claish Moss) has developed. 
Two coring sites were chosen in regions of low gradient at the 
eastern end of the westerly basin. Cores LS1 and LS2 were taken in a 
central, open area at a water depth of 25m, 0.5km S.S.V!. of Dalelia 
Pier (NM 733686). Core LS3 was taken from a more marginal site, 
sheltered by partially submerged dead-ice hollows (see Chapter 3). The 
v:ater~pth at this second site, 1.5km S.S.E. of Dalelia Pier, was 15m 
(Nl~I736682). All cores were taken in 6m long UPVC liners using a 
Mackereth pneumatic piston corer (Mackereth, 1958). 
The Loch Shiel basin is si tu8 ted in an area of potential oak forest 
with birch (McVean and Ratcliffe, 1962). Remaining woodland fragments 
consist of Quercus petraea and Betula pubescens with Corylus avellana 
occurring in more open areas. Alnus glutinosa is found on the damper 
sites within the deciduous oak woods and along the margins of the ex-
tensive lowland peat bogs. Rocky and boulder strewn hill-slopes that 
lie within woodland areas are covered with bryophytes, lichens and ferns 
(Birks, 1977; Tittensor and Steele, 1971). Isolated patches of Pinus 
sylvestris occur on fragments of fluvio-glacial outwash which are not 
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covered by peat. Otherwise coniferous woodland is restricted to the 
extensive forestry plantations that have been established in Glen Hurich. 
The surrounding hillslopes are covered by acid grassland with Festuca 
a-r 
ovina, Agrostis _spJ:··, N_:dus stricta, and dwarf shr bs of Ericaceae. Areas 
of grass moor consist of Molinia, Cyperaceae and J.'wlyrica gale. Large 
areas of blanket peat cover the more gentle hill slopes. 
South. of Loch Shiel lies Claish Moss, a large bog some1.0x 1.5km 
in extent. This bog is a fine example of the ridge and pool system of 
mire development. This 'eccentric raised mire' has been studied by 
Moore (1977) and he has described the bog structure. Moore found that 
the ridges consisted of Sphagnum umbricatum, S. fuscum and Rhacomitrium 
species, as ~:ocia ted with Call una vulgaris, Erica tetralix, r1yrica gale 
and Drosera rotundifolia. Around the margins of the pools, Sphagnum 
0 
pulchrum and Er~horum angustifoliwn are found while the pools contain 
Carex limosa, Menyanthes trifoliata and Rhynchospora fusca. Each section 
of Claish Moss has been divided by streams that drain into Loch Shiel 
from the northern slopes of Ben Resipol. The bog is in close proximity 
to the coring sites. 
The J.jtbostratigraphy of the Loch Shiel Cores. 
Core LS3 was used for pollen, pateomagnetic and chemical analyses. 
a 
This was because initial pa~eomagnetic reconnaissance of the three cores 
indicated that core LS3 contained the longest undisturbed sedimentary 
sequence. This core contained 520 cm of sediment which is composed of 
two major sediment types, namely brown organic lacustrine mud overlying 
marine sediment. The top 40 cm of sediment was very disturbed and the 
mud/water interface was difficult to recognize, but ,,.,as estimated to 
lie some 40 cm below the top of the core tube (see Table 7 - 1 and 







80 - 160 cm 
160 - 180 cm 
180 - 350 cm 
350 - 360 cm 
360 - 400 cm 
400 - 600 cm 
rrhe Stra tigraphy of core L~) - '3. 
Description. 
Empty core tube. 
Very disturbed dark brown mud. The mud-water 
interface was estimated to lie at 40 cm. 
Fine homogeneous dark brown mud, with occasional 
fine fragments of mica. 
Very fine silt particles discernable in the mud. 
Fine homogeneous dark brown mud. 
Very fine silt particles discernable in the mud. 
Fine homogeneous dark brown mud with occasional 
fine fragments of mica. 
A transition at 400 cm to a dark brown mud con-
taining numerous small white marine bivalve 
shells of the species Thyasira flexonosa in situ. 
A small (2cm long) fragment of birch wood was 
found at the sediment transition at 400 cm. 
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From 80-400 cm the sediment consists of a fine dark brown flocculated 
organic mud with occasional fine fragments of mica. A fine silt content 
is perceptible at depths of 160-180 cm, 200 cm and between 350 and 360 cm. 
There is the occasional suggestion of rhythmites in these more silty sec-
tions, with mica fragments forming faint 'bedding planes'. No mechanical 
analysis for particle size of the lake sediments was attempted because 
of the limitations of this method discussed by Pennington et al. 1972. 
The sediment becomes more compacted with increasing depth down the core, 
but is otherwise remarkably consistent in texture and colour. On ex-
posure to air, small specks of orange ferric oxide, 'a scarlet limonitic 
scum' (Caspari, 1910, p. 264) were observed. This is derived from the 
ferruginous alkali-humus which forms up to 30% of brown organic mud. 
Caspari (1910, p. 264) stated that 'brown organic mud is the Scottish 
loch deposit par excellence. Its characteristic constituent is an 
impalpable brown humus - like product· of the decay of vegetable matter. 
This substance usually shows no coarse remnants of tissue and is quite 
amorphous, though often coagulated into tiny balls'. This description 
is directly apylicable to the brown organic mud of Loch Shiel. 
At 400 cm there is a hiatus in the core with a transition to 
marine sediment. This sediment is virtually identical in phys.i.cal 
characteristics to the overlying brown organic mud except that it con-
tains an abundance of small marine shells of the species Thyasira 
flexonosa (s. Smith pers. comm.). The majority of these small white 
bivalve shells have remained joined together and are regarded as being 
in situ. At the present day, this species is found inhabiting sandy 
muds at depths between 11 and 180m, well below the intertidal zone. It 
has a wide geographical distribution and is found in localities from 
Iceland to the Mediterranean sea (Tebble, 1966 p. 79). Thyasira flex-
o~osa is presently found in Loch Etive, which may be regarded as equiv-
alent to a marine Loch Shiel. These marine sediments confirm the con-
clusion, based on the evidence of raised shorelines above the present 
loch, that Loch Shiel was a sea-loch during part of the Postglacial. 
The marine regressive boundary may also be an unconformity. A 
small (2cm long) fr~ent of birch wood was found at this boundary and 
is not in situ. There is no evidence that the birch fragment has been 
disturbed during coring and it may represent erosion of the marine 
sediments. There is no major break in the pollen record across this 
regression, and it is likely that the amount of sediment removed was 
small. 
Core LS1 contains approximately 200cm of organic mud with the 
regressive boundary occu~ring at 250cm from the top of the core tube. 
There is no evidence that this boundary is erosional. The lithostratig-
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raphy of the sediments, although not examined in great detail, appeared 
to be identical to those of core LS3, including the presence of the 
marine shell Thyasira flexonosa in the marine sediment. An incomplete 
sample was recovered from the LS2 core tube and so this core was not 
examined. 
Radiocarbon Age Determinations. 
Five radiocarbon age determinations were made on samples of 
lacustrine sediment from Loch Shiel by Dr. H. H. Harkness at the Scot-
tish Universities Research and Reactor Centre, East Kilbride, Glasgow. 
The five samples were all taken from th~rown organic lake muds to 
avoid erroneously old ages which may have resulted from the marine 
input of old carbon (Dickson et.al. 1978). The age determinations 
for the five samples, four of which were from core LS3 and one from core LS1, 




SRR - 1144 
SRR- 1145 
SRR - 1146 
CORE LS1 
SRR - 1210 
Radiocarbon Age Determinations. 
Depth cm. 
165 - 175 
205 - 215 
265 - 275 
342 - 352 
346 - 356 
Age 
Determination· Yr. 
2741 : 45 
2484 40 
2366 + 55 
3471 :t 100 
3883 + 65 
I~ 






The radiocarbon dates are expressed as radiocarbon years before 
present with 1950. A.D. being the zero datum. A half-life of 5568:t 
30 years has been used. Each sample consisted of 10cm of sediment. 
The position of the samples used for dating was determined by the pos-
ition of the major swings in paleomagnetic declination and by the fossil 
pollen record. The dates SRR- 1143, -1144, -1145 correspond with the 
palaeomagnetic declination swings D, E and F (see fig. 8. 3.) while 
SRR - 1145 also corresponds with the pollen zone boundary between 
zones LS1 and LS2. Material from directly above the marine regression 
boundary was not dated from core LS3 because of the possible erosional 
nature of this contact. 
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At the time these samples were submitted for dating it was thought 
that the dates SRR- 1143 and- 1144 would have been below any zone of 
sediment inwash associated with forest clearance. This was because 
pollen concentration and influx diagrams were not available. When the 
dates SRR- 1143 to SRR- 1146 were known, it was assumed that the 
upper two dates (SRR - 1143 and SRR - 1144) were in error. This was 
because they did not form a positive depth/age relationship, (Fig. 8.3.) 
which is generally recognized by Quaternary workers to represent a 
normal sequence of sedimentation, and because of their anomalous position 
on the palaeomagnetic declination- 14 Cage master curve (Fig. 8. 3. ). 
A further sample was obtained from 1 to 11cm above the marine re-
gression in core LS1 to test this assumption. If the dates SRR - 1145 
and SRR - 1146 are correct, then a sedimentation rate of 0.6mm/year 
for the core may be obtained. On the basis of this sedimentation rate 
an approximate age of 4,200 B.P. may be derived for the marine regression 
in core LS3. The new date, obtained from 10cm of sediment 1cm above 
the regression in core LS1 gave an age of 3,888 + 65 B.P. 'l1he difference 
of~proximately 300 years between this new date and SRR- 1146 from 
core LS3 may be due to several reasons: 
a. If the date of 3,888 B.P. is assumed to be taken from a point in 
the cente of the 10cm sample, then applying the sedimentation rate 
obtained from core LS3 to the lower 6cm produces an age of 3,988 years 
B.P. for the marine regression. 
b. The possibility that some marine sediment was eroded before the 
deposition of the freshwater muds, as suggested above, would produce 
an older age prediction for the regression in core LS3. 
c. The sedimentation rate of 0.6mrn/year must be regarded as a crude 
approximation. There is no evidence to suggest that sedimentation 
rate was constant over this period, or that the rates were the same 
at both sites. 
d. The errors involved in the technique of radiocarbon dating. 
While these errors have been mentioned, it is considered that 
the correlation between the ages of the marine regression in the two 
cores is sufficiently good to be able to reject dates SRR -1143 and SRJ 
- 1144 as erroneous. 
The Fossil Pollen Record. 
The pollen diagram is divided into two pollen zones. This division 
ha~- been made subjectively, the criterion for the zone boundary being 
the fall of tree pollen below 46% of the total po]en spectra. Zonation 
of the pollen diagram using statistical methods (see Chapter 5) has 
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not been attempted because of the probable inwash of old pollen, con-
taminating certain sections of t:1e diagram (see below). It was decided 
that numerical zonation techniques would therefore produce erroneous 
zone boundaries. 
The fossil pollen record as shown by the percentage pollen diagram 
(Fig. 7 - 1) and the pollen concentration diagram (Fig. 7 - 2) are 
briefly deacribed. Pollen concentrations are expressed as the number 
-"3 3 
of pollen grains x 10 /cm • 
Zone LS1 600cm - 260cm. 
Pollen percentages. 
This zone is dominated by deciduous tree pollen which reaches a 
maximum of 73% at the base of the profile, and decreases to form 46% 
of the total pollen spectra at the zone boundary. 
Betula values reach a diagram maximum of 34% at 380cm while the 
average for the zone is 2~. Betula values fluctuate, reaching maxima 
every 30 - 40cm. This is most pronounced between depths of 270 and 380cm. 
Alnus values decline from a basal maximum of 37%. and remain at approx-
imately 27% t11roughout the zone. Below 410cm Pinus pollen forms 7-&/~ 
of total pollen values with a maximum of 1~. Above 410cm it forms 
only 2 - 3% of the total pollen spectra for the rest of the zone. 
Quercus values vary throughout the zone, from 2 to 1~b. Corylus pollen 
declines from a basal maximum of 24~~ to an average of 1 5~~ for the re-
mainder of the zone. Gramineae values average 9% for the greater part 
of this zone, but rise sharply to 27% at the upper zone boundary. 
Values fluctuate betv1een 4~& and this maxima of 27~~ throughout the zone. 
Cyperaceae pollen however remains low at 3%. 
Rumex values fluctuate between 2 and ~~' though generally decreasing 
up the zone. Pollen grains of Plantago undiff, Ranunculaceae, Umbellif-
erae, Su.<.;cisa and Nymphae:~are present in this zone but form less than 
2%. of the tdalfossil pollen spectra. Filicales values fluctuate con-
siderably, between 13 and 3o% of the total fossil pollen and spore 
spectra, with a diagram maximum of 30% at 430cm. 
Pollen concentrations. (xl0- 3 grains/cm3 ) 
Betula values vary from 2 - 41 with a diagram maximum at 570cm. 
These pollen vaues vary considerably and the fluctuations are similar 
to those of Alnus, whose values range from 2 - 63 at 590cm. Pinus 
values vary from 1 - 12, with low values above 410cm. ~uercus values 
show considerable variation between a diagram maximum of 20 at 590cm 
and 2 at 450cm. 
Corylus pollen concentrations display a marked similarity in flue-
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tuations to that of ~uercus. Pollen concentrations vary from 2-42 
with an average of 12. Gramineae concentrations vary from 2 to a zone 
maximum of 38 at 260cm, while Filicales spores range from 2 - 50 with 
high values at the top and bottom of the diagram. 
Total pollen concentration for the whole zone is characterized 
by large variations from one level to the next. This difference may 
be as great as 160 (e.g. between 580 and 590cm) with peaks of high 
pollen concentration being typically 40cm apart. 
Zone LS2 260cm - 90cm. 
Pollen Percentage. 
Betula values vary from 9 - 26% of the total pollen, while 
Alnus pollen is present in similar amounts, ranging from 11 - 24%. 
Fluctuations in pollen percentages of both species are markedly less in 
this zone than in LS1, especially the variation in Alnus values. 
Quercus pollen percentages fall from 1Q1~ to ~~ at 120cm. 
Corylus pollen averages 14% throughout this zone though with a 
marked fall at 110cm. Ericaceae values risefrom 2% to 1~~ at the 
top of the profile; there is a comparable rise in Cyperaceae pollen 
from 4 to 1~~ at 110cm. Gramineae pollen forms 30% of the total pollen 
the lower half of this zone (i.e. below 120cm) but this figure declines 
to 1o% above 120cm. 
Pollen percentages of Plantago, Potentilla, Ranunculaceae, Rosaceae, 
and Urtica increase slightly throughout this zone while Rumex undiff. 
pollen percentages decrease. Filicales values decrease from a zone 
maximum of 28% at 250cm to a diagr~n minimum of &/o of the total pollen 
and~ore spectra at 110cm. 
The variations i~otal pollen percentages throughout this zone 
rSlect a decrease of tree pollen with a corresponding increase of herb 
pollen percentages. 
Pollen concentrations. ( xlO-
3 
g-rr1ins/ cm3 ) 
Betula values vary from 8 to 40 at 140cm while Alnus values have 
a similar range of 10 - 44, and also reach a maximum at 140cm. Quercus 
values have a double maximum of 8, and Corylus values are consistently 
between 10 and 15, except for a peak of 45 at 140cm. Ericaceae values 
increase from 0 to 15 near the top of the zone and similarly Cyperaceae 
values range from 20 at 260cm to a diagram maximum of 37 at 110cm. 
Values then drop sharply to 12 at 90cm. Gramineae pollen values fluc-
tuate throughout the zone, reaching a maximum of 70 at 140cm, but de-
creasing rapidly to 8 at 90cm. 
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There is a marked increase in Ranunculaceae pollen together with 
a combined Rumex total of over 30, at 110cm. Total pollen concentrations 
vary from 74 at 250cm to 254 at 140cm. 
'rhe Inferred Vegetational History of the Loch Shiel Basin. 
Zone LS1. 
Tree pollen foims 46 - 7~fo of the total pollen spectra in this 
zone. This large section of the pollen rain is chiefly composed of· 
Betula, Alnus, Corylus and Quercus pollen which together form 70% of 
the fossil tree pollen rain. This represents a former oak forest with 
birch woodland described by McVean and Ratcliff (1962) as forming the 
potential forest cover in v/estern and Southern Scotland. 
Quercus probably formed a major component of the mixed deciduous 
forest, along the margins of the sea-lochs. As Quercus petraea is 
present today on 'shallow siliceous soils of the North Western Hills 
to the exclusion of~ robur' (Tansley, 1949, p. 247) then the majority 
of oak trees were probably of this species. Although Quercus forms only 
5- 10% of the total pollen in this zone, it is usually under- represented 
in pollen spectra (Godwin, 1975). Andersen (1973) adds a note of 
caution, mentioning that 'the representation of this species in lake 
sediments cannot have been reduced by losses during dispersion as the 
pollen grains of the species are rather small'. However, Quercus 
was still an important component of the deciduous forest (Moore, 1977; 
\o/illiams, 1977; McVean, 1964). 
Betula pubescens formed another major component of the mixed 
deciduous forests, and may have formed a birch woodland as a success-
ional stage to oak (McVean, 1964). Betula may also have occupied a 
wide variety of ecological locations: it probably formed a deciduous 
woodland above the mixed deciduous forest up to 800m (2,500ft) as, 
for example, it is found in Glen Gour today; it would have quickly col-
onized any clearing vacated by man (Vasari and Vasari, 1968). Finally 
it may have been associated with Alnus as a stage in a fen hydrosphere 
colonizing the bog surface (Godwin, 1975). The variations in Betula 
pollen, especially in the upper sections of this zone, may reflect 
the cyclical clearance of the deciduous woodland by man, with the 
subsequent colonization of the ground by birch scrub. 
Alnus was another important contributor to the tree pollen 
spectra, forming up to 5~fo of the total tree pollen. Like Betula, 
Alnus is a prolific pollen producer (Andersen, 1973) and Alnus pollen 
is especially susceptible to over-representation in lake sediments 
( Birks, 1972a), because of its ecolegical preference for wet sites 
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(Clapham, Tutin ru1d Warburg, 1962). Alnus formed an important component 
in the mixed deciduous oak woodland (Tittensor and Steele, 1971). Although 
commonly found in waterlogged sites it would not have been topographically 
restricted to this environment in a region of high rainfall such as the 
field area. Also, as Alnus cannot become established on blanket bog 
and peat (H. H. Birks, 1970) it would not have invaded the extensive 
areas of raised peat bog in the Shiel basin (e.g. Claish and Kentra 
Mosses). Thus much of the Alnus pollen would have been derived from 
the mixed deciduous forest. 
Corylus was probably present as a shrub-layer in the oakwoods 
up to an altitude of about 650m. Hazel is light-demanding (Iversen, 
1960) and may have formed extensive stands with birch where oak was 
absent. Corylus will flower under a birch canopy but will not thrive 
under a heavy deciduous tree cover (Iversen, 1960) where its pollen 
production is reduced (Jonassen, 1950; H. J. B. Birks, 1973). Thus 
while Corylus is an over-producer of pollen (Andersen, 1973) it may 
only have formed part of the forest canopy during the early part of 
this zone when Corylus forms 24% of the total fossil pollen rain. 
Later, pollen productivity may have been restricted as Corylu~ occurred 
more as an understorey scrub (H. H. Birks, 1970; Pennington, 1970). 
Ulmus was probably an early constituent of the deciduous forest. 
Comparison with pollen diagrams by Moore (1977) and Williams (unpub-
lished) indicates that the elm decline occurred in this region before 
the sediment at the base of the profile was deposited, and has there-
fore not been recorded. A particularly poor pollen producer (Walker, 
1974) Ulmus, though poorly represented (1%) was definitely present 
in the deciduous woodland community. 
Pollen grains of Pinus sylvestris form 1 - 5% of the total pollen 
spectra. A classic over-producer of pollen (Godwin, 1975), Pinus may 
have been represented by only a few individuals in the vegetation 
throughout this zone. Many of the pollen grains recorded may have 
been derived from long distance transport from more easterly pine 
f0rests e.g. to the N.E. of the Shiel basin (stevens and Carlisle, 
1959). If local stands of pine had existed, then higher, more variable 
pollen values would have been expected due to over-representation and 
the differential pollen accumulation on the water surface. However 
in the lower part of the zone, isolated patches of pine may have been 
present on more acidic, open, damp sites where it was able to compete 
with the mixed deciduous woodland. 
Salix occurred to a limited extent as part of the oak woodlands, 
124. 
being present on wetter sites from which it was displaced by Alnus 
earlier in the Flandrian (H. J. B. Birks, 1977). Fraxinus and Ilex 
may also have been present in small quantities, though the pollen of 
the former is sparsely produced and poorly preserved. Being light 
demanding, Fraxinus was favoured by the Neolithic clearances (Godwin, 
1975). 
The decrease in tree pollen throughout the zone is complemented 
by an increase of herb pollen from 10 - 43% of the total pollen spectra. 
Gramineae pollen increases dramatically at the top of the zone reflecting 
the expanding areas of open grassland commensurate with the reduction 
of the deciduous woodland. Grass pollen is usually under-represented 
in the modern pollen rain (Potter and Rawley, 1960) with pollen values 
being low in the pollen spectra despite the abundance of gTass on the 
ground (Birks, 1973). Thus an increase in Gramineae pollen from 10- 34% 
represents the establishment of considerable areas of open grassland 
in the landscape. 
The{l~ise of grass pollen is associated with an increase in herb 
pollens indicative of an open grassland environment. Planta.g~ lanceo-
lata is first recorded at 430cm and is regarded as a classical indicator 
of early human influence upon natural vegetation (Vasari and Vasari, 
1968). Similarly Plantago undiff. values increase throughout the upper 
part of this zone. These robust species belong to open grassland 
vegetation (Sager and Harper, 1964) and are closely associated with 
the activities of man (Godwin, 1975). 
Ranunculaceae undiff. is first recorded at a depth of 500cm and 
forms 1 - ~fo of the fossil pollen~ectra in this zone. Typical of 
contemporary pastures and meadows (Clapham, Tutin and Warburg, 1962) 
it may be associated with grasslands and human activity, though it is 
often over-represented in the total pollen spectra (Birks, 1973). 
Other herb species that may have formed part of the grassland 
communities and contributed to the fossil pollen rain were : Rosaceae, 
especially Po_tentilla though this tends to be over-represented in 
modern pollen spectra (Birks, 1973) and Filipendula; Composit ae; 
Caryophyllaceae; Umbelliferae and Urtica species. Rumex species 
are typically associated with open and disturbed habitats (Simpkins, 
1974) with a clear preference for better soils (Da~l, 1956). Rumex 
acetosella 'appears at the beginning of the human era, occupying 
much of the open ground suited for weeds' (Vasari and Vasari, 1968, 
p. 52). Rumex forms 3- 4% of the fossil pollen grains recorded in 
this zone, and although it is likely to be over-represented (Birks, 
1973) it forms a reliable indicator of man's presence within the 
Shiel basin. 
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The oak woodlands had an associated understorey of ferns. ~­
opteris species and Blechnum spic·~nt formed a considerable proportion 
of the ~ores in the undifferentiated Filicales category. The increase 
in spores of Pteridium aquilinum is suggestive of forest clearance 
as. this species forms a typical understorey fern in areas of heavy 
grazing. Spores of Polypodium vulgare have been persistently recorded. 
This is consistent with the fact that it is characteristic of damp 
woodlands of the oceanic west (Clapham, Tutin and Warburg, 1962) and 
is therefore not a good indicator of anthropogenic activity (Godwin, 
1956). There has been a constant input of Sphagnum spores into the 
Loch, probably from the adjacent Claish Moss, together with spores of 
Osmunda regalis a fern typical of lake margin communities (H. H. Birks, 
1972b). 
zone LS2. 
This zone comprises tne remainder of the pollen record from 260cm 
to 80cm. The mud - water interface and a possible maximum of 60cm of 
sediment were lost during sampling. The use of a mini-corer in conjunc-
tion with the traditional 6m Mackereth corer could have allow~d this 
upper layer to have been investigated, but such equipment w~s not available 
and the additional information was not required for the project. 
The fOssil pollen record of this zone records the continued destruc-
tion of the mixed deciduous oak woods that was initiated in LS1, with 
its replacement by open grassland and heath communities. Betula pollen 
declines to 1~~' its lowest contribution to the pollen spectrum. Alnus 
pollen values remain fairly constant at 15% while Quercus pollen values 
fall from 8 to 0%. This steady decrease in tree pollen reflects the 
continued reduction of the mixed oak woodlands within the basin. Alnus 
and Betula values show less regular variation than in Zone LS1, indicating 
the progressive inability of the woodlands to recolonize after clearance, 
as anthropogenic activity became more widespread and the total area of 
grassland increased. 
Corvlus values fall initially in this zone, but then rise from 
12 to 207~ at 150cm. During Zone LS1 the pollen influx curves for Corylus 
and Quercus show a remarkable similarity in their variations, implying 
a close ecological relationship, the hazel forming a shrub layer in the 
oakwoods. However in this zone, the similarity ends, reflecting the 
decrease of Quercus woodland. This Qestruction of the woodland canopy 
may have allowed Corylus to increase its pollen production and dispersal 
(Jonassen 1950, Godwin, 1975) without an expansion of the shrub. Al-
ternatively the increase may represent the contribution from hazel cop-
pices that recolonized areas cleared by m~. However the situation is 
further complicated by the fact that the Corylus pollen also includes 126. 
pollen grains of the morphologically similar Myrica gale pollen (see 
Chapter 5). Therefore it is possible that the increase in Corylus 
pollen may also reflect the increased pollen production from Myrica 
as the now widespread heath communities became established. 
The development of open heath communities is indicated by the rise 
of Ericaceae and Empetrum pollen in the upper part of the zone. Empetrum 
is a poor pollen producer (H. H. Birks, 1972a)that has a wide ecological 
tolerance (Brown, 1971) and is characteristic of open conditions, being 
intolerant of shade (Bell and Tallis, 1973). Much of the Ericaceae 
pollen was probably contributed from Call~na vulgaris which is dominant 
over large areas of heathland on the west coast of Scotland (McVean 
and Ratcliffe, 1962). Erica tetralix was probably another contributer 
to the fossil pollen rain and is a plant with a preference for an oceanic 
climate. It may have been confined to the altitudinal zone of potential 
forest in Scotland (Vasari and Vasari, 1968) indicating that this 
vegetation replaced woodland and was not an addition to it. This is 
also indicated by the low previous pollen values for Ericaceae recorded 
during the earlier period. This fa~rly constant total was probably 
derived from Claish Moss while the later rise was derived from the 
establishment of heathland and was in addition to this source. 
The rapid expansion of Gramineae pollen in this zone is one of the 
most prominent features of the pollen diagram. Values vary from 10 to 
1~/o in LS1 to over 35% in LS2. This is despite the fact that modern 
pollen spectra show that Gramineae pollen are constantly under-represented 
in pollen diagrams (Potter and Rawley, 1960). Birks (1973) found that 
Gramineae is under-represented in modern Scottish pollen spectra despite 
the abundance of grass on the ground. He suggested that this might 
reflect the predominance of viviparous grasses in the plant communities. 
From the present vegeta,tion it may be inferred that this increase of 
grass pollen saw the establishment of large areas of acid grassland with 
Fes~v~-Agrostis, Nardus and Ericaceae, and areas of grass moor with 
Molinia, sedges and Myrica gale. The rise of Cyperaceae pollen sup-
ports the latter inference regarding the grass-moor vegetation. 
'Cultural pollens' that were first recorded in zone LS1 increase 
in this zone, e.g. Plantago undiff.or Ranunculaceae, the latter which 
reach a peak of 4% at 120cm. Rosaceae, Potentilla ru1d Filipendula values 
slowly increase towards the top of the profile reflecting the increasing 
establishment of open grass and heathland communities. Urtica pollen 
is recorded throughout much of the zone. It is characteristic of cul-
tivated and waste ground and is closely associated with the activites 
of man (Godwin, 1975). 
Filicales values decrease during zone LS2. This probably reflects 
the destruction of the deciduous woodlands where they formed the under-
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storey vegetation. 
A Comparisoncr the inferred vegetational history of Loch Shiel with 
other Scottish Postglacial sites. 
The inferred vegetational history of the Loch Shiel drainage basin 
corresponds to Flandrian vegetation changes recorded from other sites 
in western Scotland. Moore (1977) outlined a similar pattern of veg-
etationa.L development from a site at Claish Moss. As already suggested, 
the Ulmus decline occurred below the base of the LS3 profile and has 
not been recorded in this diagram. Moore found the Ulnms decline to be 
well marked and associated with a rise in Rumex acetosa and Gramineae 
pollen, similar to the Ulmus rise at more northerly sites e.g. Loch 
rl1arff (Pennington et al. 1972) . He suggested that the elm decline Has 
a direct consequence of anthropogenic activity : 'the intensity of the 
Ulmus decline is too great to be considered as a reflection of distant 
changes in forest composition' and 'there is no reason to doubt that it 
represented a real change in the abundance of Ulmus within the vicinity 
of Claish Moss' (Moore, 1977, pp. 394- 395). Moore visualized a series 
of localized clearances of relatively short duration that continued from 
the elm decline to historic times. He found that during a de8tructive 
phase of forest clearance, cultural pollens increased. 
This is supported by the Shiel pollen record. Comparison of 
Betula, Gramineae ~1d Plantago lanceolata implies that Betula pollen 
decreases as a result of anthropogenic activity and is associated with 
an increase of Gramineae and Plantago pollen. During a subsequent re-
generative period, Betula pollen increases while Gramineae and Plantago 
pollen decrease. The best destructive phase is seen between 330 and 
310cm and the following regenerative phase from 310 to 290cm. Turner 
(1965) described a similar relationship between Gramineae and Plantago 
pollen, interpreted as representing temporary clearances, at Bleak 
Moss in Ayrshire between 3000 and 3400 B.P. 
The variation in Betula pollen with forest clearance is indicative 
of preference by man for clearing the drier soils occupied by birch wood 
(Nichols, 1967c~ The destruction of birch is sometimes related to a 
rise in Alnus pollen, presumably because the alder stands on wetter sites 
which were not cleared during early phases of forest destruction (Smith 
1958; Durno, 1965). The expansion of birch during regeneration has 
been well documented by Iversen, 1949-
Moore (1977) did not obtain radiocarbon dates for his pollen profile. 
However by comparison with dated profiles from Flanders Moss (5192 ~ 120 
and 5014 ~ 120, Smith and Filcher, 1973) and a date of 5360! 110 B.P. 
et a.l. 
for the elm decline at Loch Clair (Pennington,~1972) he suggested that 
the elm decline occurred at a similar time in the Shiel basin. Williams 
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(1977 and unpublished), from a site at Loch Doilead near Mallaig, 
placed the elm decline at 4,600 B.P. in the Morar peninsula and at 
5,000 B.P. at Salen, Ardnamurchan. Williams found evidence for a dis-
trict woodland clearance phase as early as 6,000 B.P. This 'represents 
a temporary habitation by man presumably in a semi-nomadic existence 
and it is the earliest record of woodland clearance by man in the north-
west of Scotland' (Williams, 1977 p. 244). By comparison with these 
sites the elm decline in the Loch Shiel area can be assumed to lie be-
tween ~000 and 4p00 B.P. 
The generalized picture of the elm decline leaving 'Quercus, 
Corylus and Betula with Alnus and Salix on wetter sites as the major 
forest components' (Birks, 1977 p. 126) summarizes the woodland status 
at this time. The persistent expansion of open woodland vegetation with 
blanket peats on more gentle sl9pes is characteristic of the field area, 
and a large part of the \o/estern Highlands (Durno , unpublished; Dormer, 
1957; Rymer, 1974; Nichols, 1967c; Moore, 1977; Williams, 1977 and 
unpublished; Peglar, 1979). 
No attempt has been made to construct chronozones for N. W. Argyll. 
Apart from inadequate radiocarbon dates for such a purpose, an exten-
sive unpublished study of the Flandrian forest history of Western 
Scotland has been undertaken by palynologists from Cambridge (H. J. B. 
Birks, H. H. Birks, Peglar, Williams). This study involves the analysis 
of many pollen sites with numerous radiocarbon dates. It is into the 
regional chronozones established on a large scale such as this, that 
partial records of the Postglacial should be incorporated (West, 1970). 
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CHAPTER 8. 
THE PALAEOMAGNETIC AND CHEMICAL STRATIGRAPHY OF THE LOCH SHIEL SEI[MENTS. 
The Palaeomagnetic analysis of the Lake Sediments. 
Mackereth (1971) provided the first continuous record of changes in 
geomagnetic declination for the past 13,000 years by analysing sediments 
from Lake Windermere. Although he wa~primarily interested in using 
oscillations of declination as a means of dating sediments, the sedi-
ments also provided invaluable information for palaeo-secular variation 
studies (Creer et al. 1972). Together with palynological and chemical 
analyses the palaeomagnetic remnants may provide further information 
about the history of a lake drainage basin (Thompson et al. 1975). 
Variations of magnetic declination are primarily used for chrono-
logical comparisons as they are greater than variations in inclination. 
Both however record the past variations of the geomagnetic field 
(Thompson, 1977). The dating of the secular variation of declination 
for Lake Windermere (Thompson, 1973) and the Fourier analysis of the 
declination curve revealed a periodicity of 2,800 years. This provided 
a reference curve by which to obtain sediment age by comparison with 
a previously radiocarbon dated declination record (Thompson, 1977). 
This 'master curve' compares major declination swings with radio-
carbon years. The method is limited by:-
a) the quality of the match between the declination data of the samples 
and the master curve. 
b) the accuracy of the C14 dates of the sediments that were used to 
construct the 'master curve'. 
c) Possible areal limitation depending on regional secular variations. 
Another use of palaeomagnetism in studing lacustrine sediments 
was demonstrated by Molyneux and Thompson in 1973. They used magnetic 
suscepti bility to correlate cores from the same lake. This method 
provided a non-destructive, rapid reconnaissance technique that would 
detect disturbance in sedimentation before more detailed palaeiimino-
logical studies were undertaken. This core correlation technique was 
illustrated by Thompson et al. (1975) using lake sediments from Lough 
Neagh. Diatom analysis revealed that variations in magnetic susceptib-
ility were synchronous with depth from core to core within the lake. 
Magnetic susceptibility measurements made during this study also re-
vealed information on the history of the lake drainage basin. Susceptib-
ility was found to be a function of the detrital titanomagnetite con-
tent of the sediment. It was directly related to the amount of 
allochthonous inorganic material washed into the lake from the soil of 
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the drainage basin. 'l'nis rate of sediment inwash rEflected a period of 
forest clearance and agriculture that was inferred from pollen analysis. 
This relationship was illustrated by correlations between magnetic sus-
ceptibility and the pollen frequency of Plantago lanceolata, Pteridium 
aquilinium and Gramineae. 
The Palaeomagnetic Record of the Loch Shiel Sediments. 
The methods and instrumentation used in the palaeowagnetic analysis 
of the Loch Shiel sediments are described in Thompson and Wain-Hobson 
(1979). Besides the initial 'whole-core' palaeomagnetic reconnais-
sance of two cores there was a more detailed analysis of 219 subsamples 
from core LS3. The natural remnant magnetism was found to be stable and 
thus it holds a true record of post geomagnetic changes (Figs. 8 • 2 
and 8 Q 3). 
Magnetic Declination. 
Clear oscillations are visible with a peak to peak amplitude of 
40 -50 (Fig. 8- 2). These peaks are labelled A to G and this re-
peated sequence confirms that these oscillations are a reflection of 
past changes of the geomagnetic field. In the marine section of the 
core declination changes are minimal, indicating a faster rate of 
sedimentation. 
The oscillations of magnetic declination can be matched with other 
declination variations from Lake Windermere (Creer et al. 1972) and 
Loch Lomond (Dickson et al. 1979). The peak A at 60cm is interpreted 
as being the 130 B.P. westerly maximum, known from historical records. 
This is found in Lake Windermere at 30cm but at 1 metre in Loch Lomond. 
Peaks B and C occur as smaller fluctations in Windermere, but are a 
turning point in the Loch Lomond records. D is a turning point and E 
'corresponds to a westerly maximum which is characteristically broad 
or double in a record of high deposition rate' (Thompson and Wain-Hobson, 
1979, p. 386) (see Figs. 8,. 2, 8. 3 ). F is a sharp e2-sterly turn at a 
depth of 260cm. It occurs at 180cm in \elindermere and at 270cm in the 
Loch Lomond palaeomagnetic record. Swing G is not clearly defined (as 
in Loch Lomond) and occurs at 5 metres in Loch Shiel, 220cm in Lake 
Windermere and 360cm in the Loch Lomond record. The extended nature of 
the declination record below F compared to the more detailed record from 
Lake Windermere and Loch Lomond indicates a faster rate of deposition 
during this mid-Postglacial period. 
Magnetic Inclination. 
The inclination record shows a series of low amplitude oscil-
lations and is not a true reflection of the ancient magnetic field. 
Inclination remnance in recent fine-grained sediments is probably of 
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post-depositional origin (Kent, 1973; Lovlie, 1974; Stober and Thom-
pson , 1977; Thompson and Berglund, 1976). Low inclinations do 
however correlate with the marine sediment (see Fig. 8 • 2) and suggest 
a totally different sediment structure for these marine deposits. In 
the Loch Lomond cores a similar layer of marine sediments also have 
low intensity and susceptibility values Dickson et al. (197~). 
The older part of these inclination and declination records 
(between 2,000 and 3,000 years B.P.) shows the oscillations to be in 
phase over this period (Thompson and Wain-Hobson, 1979). This earlier 
in-phase behaviour has been found in other European records, e.g. 
Lake Vuokonjorvi, Finnish Karelia (Stober and Thompson, 1977). This 
substantiates the opinion that the Loch Shiel record reflects true 
palaeomagnetic behaviour. 
~etic Susceptibility. 
No correlations were found between magnetic susceptibility and 
possible indicators of erosion. These were grass, Ericaceae and_~~er~ 
idium pollen, and the iron oxide content of the sediments (Thompson 
et al. 1975). 
The Loch Shiel Palaeomagnetic record compared with other sites in 
Britain. 
The palaeomagnetic record from Loch Shiel displays more detail 
than the original Windermere records, but is surpassed by the finer, 
longer record from Loch Lomond. The greater resolution of the geomagnetic 
record from these Scottish lochs probably results from a higher ratio 
of rate of deposition to time of stabilization of the magnetic remnance. 
The Loch Shiel and Loch Lomond records are directly comparable; examples 
of this similarity 'are the shorter period declination fluctuations 
B and C which consistently appear. Also tuining point E is always 
broad and often appears double. Turning point F is characteristically 
sharp and of high amplitude and on inflection is commonly found be-
tween G and F. The westerly maximum G also contains a higher frequency 
fluctuation but it is normally not as pronounced as atE' (see Fig. 8 • 2) 
(Thompson and Wain-Hobson, 1979). Thus the British geomagnetic field 
declination record consists of a series of fluctuations of several 
frequencies with a concentration of energy in the periods between 
2,500 and 3,000 years B.P. 
The fine geomagnetic record allows the independent comparison of 
14C age determinations between lakes. It may ultimately result in a 
rapid non-destructive method of dating lake sediments provided a 
satisfactory 'master curve' can be produced. This was first attempted 
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with the major swings lying at equal intervals (Fig. d • 3). This is 
done for ease of comparison and not because there are periodic fluctuations 
in inclination. 14C ages are plotted as ordinates. Two of the Loch 
Shiel dates (SRR- 1143 and SRR- 1144) increase with age with de-
creasing depth and are thought to be due to the erroneous input of 
old carbon into the lake. They are included on Fig. e • 3 to show 
their anomalous position in relation to the general pattern of 14C 
dates used to construct the 'master curve'. 
Only the lower two 14C dates from core LS3 are assumed to be 
correct (i.e. SRR- 1145 and SRR- 1146). This assumption was sub-
stantiated by the re-dating of a sediment sample from core LS1 (SRR 
- 1210) which accords closely with SRR- 1146 from core LS3 (see above). 
While laboratory radiocarbon errors are small and errors in 
matching palaeomagnetic curves are thought to be minimal (Thompson 
and Wain-Hobson, 1979), there must be additional large errors in 
14C dating during this time period. This error (e.g. as represented 
by the spread of radiocarbon dates at point F ) is thought to be due 
to the contamination of lake deposits by old carbon, derived from the 
erosion of old soils and peats in the lake drainage basin. This is 
apparent between points F and D, the last 3,000 years B.P. Thus 
radiocarbon ages from lacustrine sediments in the late Postglacial may 
be considerably anomalous although they still conform to a positive 
time/depth curve. 
Palaeomagnetic dating allows the assessment of individual dates 
from one site and by means of a 'master curve', with age determinations 
from other palaeomagnetic sites in Britain. An independent calibration 
of the palaeomagnetic record (for example by a sequence ofvarves) 
would allow further checks to be made on 14C dating results and other 
established chronologies. 
The Chemical Analysis of the Loch Shiel Sediments. 
Introduction. 
Pioneering work on lake sediment chemistry was made by Mackereth 
(1965 and 1966) who found that the majority of lake sediment is derived 
from the lake drainage basin. The organic material, once oxidized, 
remains relatively stable and therefore there is a close chemical sim-
ilarity between lake sediments and the soils of the lake drainage basin. 
Post-depositional modifications are slight and as a result, the chemical 
stratigraphy provides a valid record of Postglacial sediment compos-
ition at its time of decomposition (Mackereth, 1966). 
Variations in the gross composition of lake sediments with time 
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is related m~inly to the intensity of erosion in the drainage basin. 
For instance, Al lies mainly in alumina-silicates and correlates 
closely with tdal paniculate matter (Spencer and Sachs, 1970). It 
may thus be used as an indicator of the changing rate of erosion in a 
lake drainage basin (Thompson and Wain-Hobson, 1979). Titanium has a 
siwilar ionic potential to aluminium and is also an indicator of erosion. 
Mackereth (1966) found that Na and K were associated with the 
mineral fraction of lake sediments and that they reflected the rate of 
erosion in the drainage basin. High K values were indicative of more 
intense erosion with relatively ineffective leaching of the soils. 
Low K values suggested that the soils in the draina€·e basin had been 
exposed for a long period of time before their removal and deposition 
in the lake. This conclusion is supported by the close positive 
relationship between other indicators of erosion (e.g. grass pollen) 
and magnetic susceptibility found in sediments from Lough Neagh 
(Thompson et al., 1975) and the strong correlation between K and sus-
ceptibility found in the adjacent Lough Fea (Oldfield et al., 1978). 
The close relationship between the chemical composition and the pollen 
and palaeomagnetic stratigraphy of lake sediments shows the desirability 
of obtaining the chemical record where the latter analysis has been 
undertaken. It ~asbecause of this premise that the chemical analysis 
of the Loch Shiel sediments was made. 
Methods. 
The chemical analysis of ten elements (Si, Al, Na, K, Ca, P, Ti,Fe, 
Mg and Mn) was made on 25 s~~ples taken at 20cm intervals from core LS3. 
The sediment was prepared following instructions by J. G. Fitton (unpub-
lished) to obtain sample discs. These samples were then analysed by a 
Philips PW 1450 X-ray fluorescence spectrometer at the Dept. of Geology 
Edinburgh University, from which a count ratio was obtained. Four 
specially prepared standard samples with a known chemical concentration 
were also analysed. By constructing graphs of the sample count ratio 
against chemical concentration of each element, the concentration of 
each element in the sample could be obtained. The concentration of 
each element is expressed as a % weight of oxide (see Fig. 8 - 1 and 
appendix B). 
The chemical record of the Loch Shiel sediments. 
Fig. 8 - 1 shows the % weight of oxide for each element analysed 
plotted against sediment depth. The % of total mineral matter varies 
between 93 and 98% and shows no systematic change in depth. The limnic 
sediments have elemental compositions closely resembling the marine 




































































































































































































































































































profile above 170cm depth. Typical values (in weight% oxide) of the 
elements in the marine and uppermost limnic sedirnents are Si (50- 59%) 
Al (12- 15%), Ti (0.5- 0.9,%), Mg (3.0- 2.~fo), K (2.1 - 1.9%), Na 
(2.6- 1.8.1~), Ca (3.0- 1.79%), Fe (17- 16%), Mn (0.2- o.~) and P 
(0.4- 0.7%). The changes in chemical composition through the Shiel 
profile are small. For example, Mackereth (1966) found that the K 
content varied between 1 and 5r~ in Esthwaite Water in the English 
Lake District, a change an order of magnitude greater than in Loch 
Shiel. 
~. 
Thompson et al. (1975)and Oldfield~(1978) showed a correlation 
between 'erosive indicators' (Na, K, Mg, and Fe) and magnetic suscep-
tibility in Lough Neagh. However no clear correlations were found between 
magnetic susceptibility and any of these elements in the Loch Shiel 
sediments. This may reflect the differences in geology between the two 
drainage basins. The Antrim basalts provided the detrital titano-
magnetite which was an ideal mineral to record the palaeomagnetic sus-
ceptibility. This is in contrast to the complex chemistry of the 
Moinian Schists of the Loch Shiel basin. 
Element/Al ratios are frequently used as a standard method of 
comparing lacustrine and marine elemental compositions (M. E. Shol-
kovitz pers. com. ). In the Loch Shiel sediments these ratios show 
little variation with no change across the marine regression. The 
most consistent change is at 170cm where the }fu, P and Ti/Al ratios 
increase and the Ca, Fe, K, Mg, Na and Si/Al ratios decrease. These 
changes can be explained by an increase in the grain size of the 
sediment above this level. 
Loch Shiel : A Discussion. 
One of the interesting aspects that has arisen from this study 
of the Loch Shiel lacustrine sediments is the advantage of a multi-
disciplinary approach to elucidating the history of a lake-drainage 
basin. This approach provides invaluable additional information for 
reconstructing the former environment compared with that which would 
have been available from one line of investigation alone e.g. pollen 
analysis. The usefulness of the different methods is illustrated by 
the evidence presented for the marine transgression in Loch Shiel. 
The main stratigraphical evidence for the marine transgression 
is the presence of shells of the marine biva~ Thyasira flexonosa 
lying in situ.below 400cm in core LS3. The inference that marine 
conditions prevailed in Loch Shiel during part of the Postglacial is 
supported by a stratigraphic regressional boundary in the core; by 
a marked decrease in palaeomagnetic inclination and 
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intensity, and by the presence of raised shorelines above parts of the present 
loch shore (see Chapter 4). 
A more marked change in sediment composition, chemistry and pollen 
record might have been expected as a result of this major change in the 
environment of deposition. However there is little indication from the 
pollen diagram that the pollen grains below 400cm were deposited in salt 
water. This failure of the pollen record to register marine conditions is 
not as unreasonable as may be supposed: the pollen rain from surrounding 
areas (including the pollen input from rivers and streams) would only con-
tain pollen of maritime or brackish species if the marine transgression 
had provided suitable locations (i.e. a salt marsh) where these species 
could grow. The northern part of Loch Shiel is surrounded by steep hill-
slopes with a rocky shore while in the~stern basin peat had already stab-
ilized the flu~-glacial outwash by the early Postglacial (Moore, 1977). 
If the Postglacial sea had been able to flood Claish Moss, then a situation 
analogous to the River Forth carse land may have developed (Sissons, 1966) 
and the transgression would have been clearly represented in the pollen 
record (Brook_s, 1972). The presence of raised shorelines along the 
margins of the loch indicate that Claish Moss has not been inundated, 
while Moore (1977) records a peat succession that is unbroken from the 
early Flandrian to the present day from a site in the middle of the Moss. 
This suggests that peat growth equalled or exceeded the rise in sea-level, 
a situation similar to the development of Flanders Moss (Sissons and 
Smith, 1965). 
The marine sediment in core LS3 is similar to the overlying brown 
organic mud. The main stratigraphical difference between the two types 
of sediment is that there is no indication of rhythmites in the marine 
section of the core. This difference may be due to flocculation of 
sediment particles in a marine environment of deposition. The similarity 
between the sediments probably reflects the same source of sediment supply. 
Sediment input from rivers and streams would not vary but the proportion 
of sediment that may be related to seaborne detritus is not known. 
Changes in sediment chemistry do not indicate the marine regression. As 
already mentioned, detrital inwash would remain constant while Na and K 
salts may have been leached from the upper part of the marine sediments. 
The palaeomagnetic record however reveals the marine sediment 
clearly. The magnetic inclination, intensity and susceptibility rem-
nants are not recorded below 400cm (Fig. 8 • 2). A similar situation 
occurs in Loch Lomond (Dickson et al., 1978; Turner and Thompson, 1979). 
Here, both the marine transgression and~gression boundaries are present 
forming a discrete layer of marine sediment 70cm thick, between fresh-
water lake sediments. As at Loch Shiel, intensity and susceptibility 
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remnants are not recorded by the marine sediment, forming a marked 
contrast to the palaeomagnetic record of the adjacent sediment(aee Fig. 
8- 2, Dickson et al., 1978). 
The marine sediment in the Loch Lomond cores was also ind~ified 
by the presence of marine molluscs and cysts of planktonic dinoflagel-
lates. Some species of the latter are characteristic of the reduced 
s~ainity and shallow turbid conditions of the eastern Irish Sea today 
(Dickson et al., 1978). No dinoflagellate cysts have been found in the 
Loch Shiel marine sediments (J. D. Peacock, pers. ~.). Further in-
formation regarding salinity changes across the marine-freshwater 
sediment transition might be provided by diatom analysis. 
The salinity of the 'marine' Loch Shiel is difficult to access. 
Price and Calvert (1973) found that the salinity distribution in Loch 
Etive was essentially estuarine in the outer basin with a sluggish mixing 
in the inner basin of the loch. At depth there was little water exchange 
with the sea. The m~hology of Loch Etive compares closely with that 
of Loch Shiel, and so by comparison, it is suggested that the salinity 
distribution in Loch Shiel was also estuarine and that true marine con-
ditions were never achieved. 
The progressive clearance by man of the deciduous woodland and its 
replacement by open grassland and heath communi ties have been the most·/ 
important change in the vegetational history of the lake basin. The 
extent to which soil erosion accompanied this woodland clearance, and 
the amount of inwash of old soils and peats, together with the re-
circulation of lake sediment is difficult to determine. 
It has already been mentioned that the upper two 14C dates 
(SRR- 1143 and SR- 1144) from the sequence of four dates taken from 
core LS3 are regarded as being in error. This error has been attributed 
to the cont2mination of the samples by old carbon. It is suggested that 
this is derived from the inwash of old soils and peats. The evidence for 
soil inwash associated with anthropogenic activity will now be discussed. 
concentration 
The pollen diagram (Fig. 7- 2) records the number of pol-
len grains deposited per cm~. Therefore anomalously high 
peaks in pollen ~onc~ntration values may_represent :-
a. An unusually large influx in the pollen rain at that level. 
b. The deposition of old pollen grains derived from outside the lake. 
c. The redeposition of lake sediment. 
Near the top of the profile, levels 110cm and 140cm have very high 
pollen influx values, the latter being twice the average for the pollen 
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diagram. These high values are regarded as not being an accurate record 
of the pollen rain since they probably include additional pollen from other 
sources. The pollen diagram does not record large numbers of aquatic 
species and other plants that are likely to be concentrated in a lacus-
trine environment (Faegrm and Iversen, 1975). As a result, the additional 
pollen is considered to be derived from old sediment. 
Bonny (1976) conducted a survey using pollen traps to estimate 
the recruitment of pollen to the lake sediment of five lakes in the 
English Lake District. She found a discrepancy between the pollen de-
position rates between the sites, that were determined by limnological 
factors as well as vegetational distribution. 'Total annual pollen 
deposition cm~ mud surface' ••• varied... 'by four and five times 
between the lakes investigated' (Bonny, 1976, p. 882). This may be a 
function of within-lake variations in pollen sedimentation (Davies, Bru-
baker and Webb, 1973; Pennington, 1973) or lake size (Davis, 1967a; 
Pennington, 1973; Bonny, 1976). While redeposition within the lake must 
be acknowledged as a source of contamination, there is no definite evidence 
that this occurred in Loch Shiel. 
The most likely source of the additional pollen influx is eroded 
soils and peats in the drainage basin washed into the loch by rivers and streams. 
The chemical record (see above and Fig. 8- 1) indicates a change in sed-
imentation ~boYe 170cm, when Mn, P and Ti/Al ratios increase and the 
Ca, Fe, K, Mg, Na and Si/Al ratios decrease. These changes may be ex-
plained by an increase in grain size at this level. The average Ti/Al 
ratio from 120 - 160cm is 0.062, while from 180 - 600cm it is 0.043. 
The average Ti/Al ratio for fine grained sediment is 0.033 (Goldschmidt, 
1954) but this increases with an increase in the grain size of the sediment 
(Hirst, 1962). Thus the chemical record suggests that there was an apparent 
inwash of coarser particles into the loch in the upper sections of the 
core. 
Further evidence for the inwash of material into the upper sections 
of the profile is given by the sedimentation rate. On the basis of two 
radiocarbon dates (SSR- 1145 and SSR- 1146) an approximate sedimen-
tation rate of o.6mm/year has been obtained. This is a comparatively 
fast accumulation rate for Postglacial lacrustrine sediment (G. Boulton, 
pers cown., G. Boulton et al. 1981) and may reflect the acceleration 
of inwashed materi~l from the lake drainage basin consequent upon de-
forestation. It is unlikely that this accumulation rate is a result of 
redeposition within tpe lake. Pennington (1973, 1974, et al. 1977) 
found that the annual Postglacial increment of sediment for five Lake 
District lakes is 0.45mm year. Pennington (1974) found that the major 
lakes of the Lake District, whether shallow or deep, have a maximum 
total depth of Postglacial sediment of between 3 and 6 metres. This 
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indicates that no acceleration of sediment accumulation in the middle 
of any of the shallow lakes (as a result of redeposition of material 
recirculated from the littoral parts of the lake) can have occurred. 
Pennington (1973) also found that differences in lake morphometry. have 
not led to different accumulation rates in the past. The rapid rate of 
sedimentation may therefore be attributed to the association between 
progressive deforestation of the lake drainage basin and increased so:bl 
erosion with the accelerated transfer of soils into the lake basin. It 
is unlikely that the high rate of sedimentation is the result of 'cultural 
eutrophication' (Pennington 1973). 
Evidence for the early human occupation of N. W. Argyll is scant. 
The first record of human activity in the area is probably the Ardna-
murchan Mesolithic Industries. Ritchie (1968) describes people fetching 
Rhum bloodstone from the island and working it into artefacts at domestic 
sites along the northern shoreline of the Ardnamurchan Peninsula. 
Feachen (1963) notes three vitrified forts at Loch nan Gobher, near 
Corran (NM 970633), at Rahoy by Loch Teacius (NM 633564) and at Shielfoot 
at the mouth of the river Shiel (NM 663702). A brooch and axe head found 
at Rahoy suggest an early Iron Age date for these forts. The construction 
of these forts is pertinent ; a heavy timber stockade of upright posts 
would be set in a trench and packed with stones around this Rkeleton of 
stout timbers to form a wall. Vitrification of the stones resulted when 
these timbers were set on fire, presumably by hostile attack. As the 
circumference of the fort near Corran is approximately 280m, their con-
struction must have required the felling of a substantial number of trees. 
Feachen (1963) estimates that the earliest of these forts were built by 
incoming (sea) traders bet~een 2,300 - 2,000 B.P. The importance of 
timber in their construction provides additional evidence for the effects 
of anthropogenic activity on the deciduous woodland of the Loch Shiel 
drainage basin. 
Gaskell (1967) describes forest clearqnce in Morvern in the more 
recent past. He quotes accounts of the forests burning 'as one great 
ember' in 1746 as a reprisal, for I\1orvern was a loyalist centre to the 
Jacobite cause. Battarbee (1978) noted an increase in sedimentation rate 
associated with anthropogenic activity from the detailed study of many 
cores from Lough Neagh. He fo~nd that the sedimentation rate varied from 
0. 3cm/ year at 3, 000 B. P. to 0. 5cm/ year at the present day. Ba ~arbee at-
tributed this rapid acceleration in the rate of soil inwash from the catch-
ment area to 17th century forest clearance and agricultural expansion. 
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CHAP'rER 9. 
THE LATEGLACIAL CLIMATE OF N. W. ARGYLL. 
Introduction. 
Palaeoclimatic evidence for the Lateglacial period has been derived · 
from two major sources of data. Thefirst is the fossil biological 
record, principally pollen analysis and Coleopteran studies. The second 
source is inferred from glacialogical data derived from reconstructing 
the Loch Lomond Advance glaciers. 
An outline of the palaeoclimatic information presently available 
for the Scottish Lateglacial is given below. Palaeoclimatic evidence 
derived from the field area is then discussed in this context. 
The Lateglacial climate of Scotland: Previous Work. 
a.Palynological evidence. 
Pollen diagrams form the most widespread biological data available 
for the Lateglacial period. The problems of inferring climatic change 
from the reconstruction of the vegetation are well documented (see 
Chapter 5). As plants respond to a wide range of ecological parameters 
of which climate is only one, it is not usually possible to derive actual 
temperatures and precipitation values from palynological data. 
However broader climatic inferences can be made and, coupled with 
radiocarbon dating, pollen diagrams provide an important stratigraphic 
and chronological control for the Lateglacial period. For instance, 
the rate of climatic change can be estimated and the local environmental 
conditions ascertained. This contrasts with the information derived from 
reconstructed glacier limits because the maximum advance of each glacier 
represents a finite point in time. 
b. Coleopteran evidence. 
G. R. Coope has pioneered the use of fossil beetle remains to in-
dicate climatic change. He found that Coleoptera display a remarkable 
degree of evolutionary stability such that the cornposition of fossil as-
semblages resembles that of modern faunas. Beetles are extremely 
sensitive to temperature variations and can colonize an area extremely 
rapidly. They are therefore early indicators of temperature fluctuations. 
On the basis of Coleoptera assemblages from 5 sites in Scotland, 
Bishop and Coope (1977) produced a graph showing variations in the average 
July temperatures near sea-level for the period 13,500 to 9,000 B.P. 
During the Lateglacial Interstadial annual July temperatures were between 
0 0 
12 and 15 C while estimated temperatures during the Stadial was below 
9° c. 
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clusions (e.g. Sissons 1976) that the Rannock Moor basin formed the 
centre of isostatic uplift. 
Loch Lomond Stadial - Postglacial Transition. 
Stadial conditions ended with the abrupt termination of minerogenic 
sedimentation at Salen. This occurred s~mewhere between 10,000 and 9,700 
B.P. Re-colonization-of the area followed a similar sequence to the 
early interstadial colonization. An initial period of pioneer herbs 
was succeeded by dwarf scrub. Tree birch immigrated into this environ-
ment to be followed by Corylus and later Alnus. It is probable that 
podzolization again took place, ·leaching the base-rich content of the 
soils that had been derived from the stadial. 
The Loch Lomond glaciers melted in situ, with the exception of the 
Shiel glacier. The Shiel glacier retreated leaving a large outwash fan 
that marked its maximum extent (Kentra Moss). A second area of exten-
sive outwash deposits (beneath Ulaish Moss) was formed as the glacier 
receded up the Shiel valley. 
Postglacial Period. 
Environmental evidence for the early and middle part of the Post-
glacial period is not available from the study area. There is no pollen 
record for this period from approximately 9,500 to 4,500 B.P. During part 
of this time the Main Postglacial Shoreline was deposited; by comparison 
with the Forth Valley this occurred at about 6,500 B.P. The shoreline 
slopes towards 270 from 14m at Corran to 8m by Loch Sunart, the gradient 
being 0.06m/km. Relative sea-level subsequently fell from this Postglacial 
maximum with the deposition of another beach at approximately 5m O.D. 
This lower shoreline has no definite gradient. 
The Main Postglacial transgression flooded Loch Shiel to form a 
sea-loch. The presence of the marine bivalve Thyas~ra flexonosa and the 
palaeomagnetic record of lacrustrine cores clearly delimit the marine 
sediment. 
The1bssil pollen record from Loch Shiel shows that a mixed deciduous 
woodland of Quercus, Alnus, Betula and Corylus species covered the sur-
rounding hillsides. This woodland was progressively cleared by man. Soil 
erosion associated with these clearances is marked by the input of old 
pollen into the loch. This input of old carbon was responsible for two 
anomalous radiocarbon dates. The chemical record shows a change in sed-
imentat~on towards the top of the profile. This change is due to the 
influx of coarser sediment particles related to soil erosion. 
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c. Other microfossil data. 
Planktonic foraminifera from deep-sea ocean cores have provided 
useful data on the temperature of the oceans at various points arouud 
the British Isles (Ruddiman and Mcintyre 1973; Ruddiman, Sancetta 
and Mcintyre, 1'977). This marine microfossil evidence shows that the 
Loch Lomond Stadial corresponded with a return of polar waters to a 
latitude as far south ass. W. Ireland ( Ruddiman et al. 1980). 
d. Molluscan evidence. 
Two main faunal assemblages of marine shells are recognized for the 
Lateglacial: the arctic and subarctic assemblages (Sissons, 1961b). 
The former contain Arctic bivalves while the latter have a rich boreal 
fauna comparable with that found off the northern coast of Norway today 
(Peacock et al., 1977). However the use of such molluscan evidence 
in climatic interpretation is limited as only crude indications of ocean 
temperatures may be inferred. 
e. Geomorphological evidence. 
The detailed reconstruction of Loch Lomond Advance glaciers from 
geomorphological evidence of their limits has allowed Sissons (1974a, 
1977a, b, 1979, 1980a, b,; Sissons and Sutherland, 1976) to make de-
tailed palaeoclimatic inferences for the Lateglacial Stadial (see 
Chapter 3). Firn line altitudes of the reconstructed glaciers have 
been calculated from the altitude-area distributions of the former 
glacier surfaces. 
Sissons has examined the firn line altitudes of 226 data points 
on reconstructed glaciers covering those areas of Scotland where the 
Loch Lomond Advance has been delimited. This includes the study area, 
where the firn line for all these data points rises from below 300m in 
s. W. Argyll to above 1,000m in the Cairngorms. Superimposed upon this 
general gTP.dient is the contrast between north and south-facing glaciers 
in many mountain regions. 'Owing particularly to the influence of direct 
insolation one might expect north-facing glaciers to r1ave been larger and 
to have extended to lower altitudes than south-facing ones. Yet the con-
verse applied'. (Sissons, 1979b,p.518~ Thus, for instance, in the N. W. 
Highlands, the Isle of Skye and Rhum, N. W. Argyll and s. E. Grampians, 
the Loch Lomond Advance glaciers were larger and descended to lower al-
titudes on the south and south-western side of the uplands than on their 
north-eastern sides. Sissons (1979o) has suggested that there must have 
been something overriding the influence of insolation. 'The only possible 
explanation~ much higher precipation on the southern sides of individual 
upland areas than on their northe~sides. This in turn implies that the 
principle snow-bearing air streams were from southerly directions' (Sis-
sons, 1979b, p. 51 9 ). 
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Outside Scotland, Sissons (198Qa)has mapped the Loch Lomond Advance 
limits in the Lake District. Here the firn line does not trend in any 
particular direction but the large number of small glaciers are instead 
related to areas of potential snow blowing. Snowfall was associated with 
south to south-easterly winds and snow blowing was again related to 
southerly winds. 
Using Liestol's graph that relates winter~~8mulation to summer 
temperatures at the firn line of some Norwegian glaciers, Sissons and 
Sutherland (1976) derived a former summer s~a-level temperature of 
6.0°C for the South-East Grampians. They also produced a precipation 
map showing that precipitation varied from 750 to 1750mm. per ap . .1jurn. 
The Lateglacial Climate of N. W. Argyll : A Discussion. 
The Salen site provides a vegetational record for the Lateglacial 
period in the study area. An initial pioneer communit~ of Salix, 
Rumex and Lycopodium is replaced by an Interstadial heath vegetation 
with Betula nana, B. Pubescens and Empetrum. 
The only thermal parameters that may be directly obtained from the 
pollen diagrams relate to the ~ecies Betula pubescens, whose presence 
is inferred during the interstadial (pollen zone SA2). Iversen (1954) 
has maintained that this tree species requires a mean July temperature 
0 0 
of at least 12 C. If temperatures remained above 12 C long enough for 
the tree birch to have immigrated into the area, then the July mean temper-
ature of 14~15°C as suggested by the more sensitive coleopteran evidence 
(Bishop and Coope, 1977) would be compatible with this former temperat-
ure. Precipitation probably remained high throughout the interstadial as 
reflected by the values for Empetrum pollen; Empetrum has a preference 
for a cloudy, oceanic climate. 
The vegetation of the Loch Lomond Stadial is not well represented, 
the poor pollen record reflecting the cold climatic conditions that were 
inhospitable to vegetational development. However the cessation in the 
pollen record of many interstadial species marks the break-up of the 
vegetation cover with the onset of solifluction. The low values of 
Artemisia pollen in zone SA2 agree with the general distribu~ion of this 
species during the stadial. Species of A.rtem}..s~a are intolerant of snow 
and favour dry ground. Pollen percentages of Artemisia increase from 
sites in the Western Highlands to StrathSpey in the central Grampians 
where it reaches 40-6~ of total land pollen (Walker 1975; Birks and 
Matthewes, 1978). This trend of Artemisia pollen, indicati -~drier 
conditions towards StrathSpey corresponds with the deductions made from 
the firn line altitudes of the Loch Lomond Advance glaciers. In the study 
area the firn line varies from 286m in the s.w~ of the area to 439min 
the N.E. with a gradient of 7.5 m/km. The average firn line altitude 
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for the 8 glaciers is 369m O.D. Using Leistol's curve, an average July 
0 
temperature of about 4 C at sea-level is inferred. Discontinuous perma-
frost indicates a minimum mean annual temperature of no more than -1°C 
(Sissons, 1979~. The second main piece of climatic evidence derived from 
the reconstructed Loch Lomond glaciers is that 8~ of the total surface area 
of these former glaciers have a southerly or westerly aspect, despite high 
insolation factors. This distribution of former glaciers is found on 
many upland areas throughout Scotland, and implies that the source of 
precipitation was from a southerly and westerly direction (Sissons, 1979b). 
In Chapter 4 the conclusion was reached that the Main Lateglacial 
Shoreline (rock platform and cliff) was predominantly formed as a result 
of frost action. The debris that was produced was removed by marine 
processes. As the rock platform must have been formed at a rate greatly 
in excess of any process operating today, it is therefore probable that 
the climatic conditions were unusual. 
A situation may have arisen where the cold polar waters that surroun-
ded northern Britain (Ruddiman and Mcintyre, 1973) were in sharp con-
trast with the warmer southerly winds that originated south of the oceanic 
and atmospheric polar fronts. Thus along the coast there was a pronounced 
temperature contrast between the cold sea-water and the milder atmospheric 
temperatures. This situation may have provided an unusually high number 
of freeze-thaw cycles that enabled the mechanism of frost erosion (Nansen 
1921; Dawson, 1980) to be so effective. High precipitation during the 
stadial (Sissons and Sutherland, 1976) would have reduced the salinity 
of the sea lochs as also would glacier meltwaters. This increase in 
fresh-water would have allowed even more effective freeze-thaw action, 
especially if the fresh-water was confined to the upper layers of the sea 
in a sheltered environment (see Chapter 4). The coarse angular debris 
found in the stadial sand~ and clays at the Salen site indicates that 
freeze-thaw and solifluction processes were very effective in the vicinity 
of the site without the added advantage of semi-diurnal wetting and 
debris removal found in a marine environment. 
The Loch Lomond Stadial - Postglacial transition is marked by the 
sudden termination of minerogenic sedimentation and the rapid succession 
from a pioneer vegetation assemblage through to an Empetrum heath stage. 
This rapid vegetational development is interpreted as the response to the 
0 0 
dramatic rise in summer temperatures from 6 C to 14 C that occurred be-
tween 10,000 B.P. and 9,500 B.P. (Coope, 1977). It seems probable that 
glacier melting was rapid, with the majority of the small glaciers in the 




This final chapter forms a summary of the evidence for the en-
vironmental changes that have taken place in N. W. Argyll and that 
have been described in previous chapters. 
The orientation of the glacial breaches in the field area, the 
fact that the majority of striae are between 240° and 307°, and the 
distribution of erratic boulders all show that the area was overridden 
during the ice-sheet period. Ice flowed westward over the field area 
from a large ice-cap centred over the Ben Nevis - Glen Coe - Ben Etive 
areas of Scotland. 
It is thought that during ice-sheet wastage local caps became es-
tablished. There was a reversal of ice-flow under favourable conditions 
as, for example, along the steep west coast line of Loch Linnhe. The 
last active ice was confined to the major glacial troughs such as Loch 
Linnhe. 
The only evidence for high sea-levels associated with the melting 
ice-sheet in the field area has been preserved at Loch Arienas, Morvern. 
Here, a suite of fluvio-glacial terraces are believed to relate to a 
former sea-level between 20 and 25m O.D. 
By approximately 13,000 B.P. ~eglaciation was virtually complete 
and a pioneer plant community had become established. An open vege-
tation cover consisting of Rumex, Salix, Gramineae and Cyperaceae species 
developed. This floral colonization was in response to rapidly amelior-
ating temperatures as illustrated by Coleopteran evidence, (Bishop and 
Coope, 1977). 
Lateglacial Interstadial. 
Evidence for the environmental conditions during the interstadial 
are confined to the Lateglacial pollen site at Salen. It is assumed 
that the ice-sheet melted completely and that the subsequent Loch Lomond 
Advance was a separate glacial event. 
At Salen, there was a continuous vegetational succession from the 
initial pioneer plant communities. A shrub vegetation of Empetrum heath 
developed with the establishment of dwarf birch in sheltered areas. 
Although this heath required the termination of solifluction and the 
formation of an interstadial soil in the vicinity of the site, it is 
thought that solifluction persisted at higher altitudes throughout the 
interstadial. On the basis of Coleopteran evidence (Bishop and Coope, 
1977) average annual July temperatures were between 14°and 15°C. This 
accords with the presence at Salen of tree birch that requires a mean 
0 
July temperature of at least 12 C. Pedogenisis throughout the inter-
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s tadial would h~:.ve led to a decline in the base status of the soils as 
a result of progressive leaching under a humid environment. 
Loch Lomond Stadial. 
The deterioration of climatic conditions with the approach of 
the Loch Lomond Stadial is reflected in the fossil pollen record at 
Salen. Myriophyllum species cease to be recorded, indicating a drop 
in water tempe~ature while an increase in Polypoiaceae and open herb 
communities reflects the onset of solifluction. The coarse sediments 
and clasts obtained from the stadial sands and clays suggest that the 
interstadial soil was completely destroyed. The vegetation record for the 
stadial zone SA3 supports this inference as the plants recorded are indic-
ative of solifluction. 
Limits of Loch Lomond Advance glaciers were mapped in the field 
using the distribution of hummock¥':.·: and fluted moraines. The use of 
glacial erratic boulders ih these former glacial margins proved to be 
particularly helpful. 
At the maximum extent of the Loch Lomond Stadial glacer, ice 
covered 19% of the area. There were 14 glacier termini and 8 of these 
have well preserved limits; 7 of these glaciers had a weaterly or south-
westerly aspect. The glacier surfaces were reconstructed with contours 
at 50m intervals. 8~ of the total sunace area of the former glaciers 
had a south to westerly aspect. The firn line sloped from 286m in the 
S,W. to 439m in the N.E., a gradient of 7.5m/km, the average altitude 
being 369m. This glacial distribution supports the contention of 
Sissons (198Gb) that precipitation was related to snow-bearing southerly 
w~ds. Snowfall was sufficiently great to out-weigh the high insolation 
of glaciers in such locations. 
During the stadial, the Main Lateglacial Shoreline was formed. 
The associated rock platform has an average width of 8m and an average 
backing cliff 5m high. The main mechanism for its formatiou is consid-
ered to have been a freeze-thaw action operating under extremely favour-
able conditions. Warm southerly winds with a cold sea, combined with a 
surface layer of fresh to brackish water promoted rapid rock disintegration. 
Debris was removed by conventional marine processes and by ice-rafting. 
Rock platform formation was influenced by rock type. Better platforms 
W3re found on the sandstone conglomerate and Morvern lavas than on the 
Moinian Schist and Strontian Granite where the platforms were narrow, 
less clearly defined, and had an uneven surface. 
The Main Lateglacial Shoreline slopes towards 270° with a gradient 
of 0.15m/km from a height of 9m in the east of the area to Om O.D. in the 
west. The direction of this platform gradient accords with previous ron-
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clusions (e.g. Sissons 1976b) that the Rannoch Moor basin formed the 
centre of isostatic uplift. 
Loch Lomond Stadial- Postglacial Transition. 
Stadial conditions ended with the abrupt termination of minero-
genic sedimentation at Salen. This occurred somewhere between 10,000 and 
9,700 B.P. Re-colonization of the area followed a similar sequence to 
the early interstadial colonization.An imtial period of pioneer herbs 
was succeeded by dwarf scrub. Tree birch immigrated into this environ-
ment to be followed by Corylus and later Alnus. It is probable that 
podzolization again took place, leaching the base-rich content of the soils 
that had been derived from the stadial. 
The Loch Lomond glaciers melted in situ, with the exception of the 
Shiel glacier. The Shiel glacier retreated leaving a large out-wash 
fan that marked its maximum extent (Kentra Jvioss). A second area of 
extensive outwash deposits (beneath Claish Moss) was formed as the glacier 
receded up the Shiel valley. 
Postglacial Period. 
Environmental evidence for the early and middle part of the Post-
glacial period is not available from the study area. There is no 
pollen record for this period from approximately 9,500 to 4,500 B.P. 
During part of this time the Main Postglacial Shoreline was deposited; 
by comparison with the Forth Valley this occurred at about 6,500 B.P. The 
shoreline slopes towards 270° from 14m at Corran to 8m by Loch Sunart, the 
gradient being 0.06m/km. Relative sea-level subsequently fell from this 
Postglacial maximum with the deposition of another beach at approximately 
5m O.D. This lower shoreline has no definite gradient. 
The Main Postglacial transgression flooded Loch Shiel to form a 
sea-loch. The presence of the marine bivalve Thyasura flexonosa and the 
palaeomagnetic record of lacrustrine cores clearly delimit the marine 
sediment. 
The fossil pollen record from Loch Shiel shows that a mixed deciduous 
woodland of ·~uercus, Alnus, Betula and Corylus species covered the sur-
rounding hillsides. This woodland was progressively cleared by man. 
Soil erosion associated with these clearances is marked by the input of 
old pollen into the loch. This input of old carbon was responsible for 
two anomalous radiocarbon dates. The chemical record shows a change in 
sedimentation towards the top of the profile. This change is due to 
the influx of coarser sediment particles related to soil erosion. 
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grouped into fragments and transects 
given in the following order : I1ain 
(Chapter 4). 
Lateglacial 
Postglacial Shorelines and outwash deposits. 
All the heights in this appendix are located on Fig. 4 - 1 ' 
diagrams A to 0. The relevant diagram number is shown above 
the heights for each fragment. 
3. The first two columnsgive the 8 figure National Grid reference 
for each point. All lie in grid square NM except those with 
eastings 0000 - 0004 which lie in grid square NN. 
4. The third column gives the average grade for each fragment as 
discussed in Chapter 4. 
5. The fourth column gives the height in metres O.D. above O.D. 
Newlyn. All heights were levelled directly from O.S. bench marks, 
Newlyn datum, except where indicated as follows:-
+ Heights levelled from synchronous sea-level marks. 
++ Heights levelled from O.D. Liverpool bench marks that were 
subsequently corrected to the Newlyn datum. 
6. The fifth column gives the depth of any peat overlying the point. 
7. Average heights and grid references for a fragment have been 
shown between horizontal lines. Heights listed below the lower line 
were not measured along the back edge of the fragment and have there-
fore not been used for height analyses. 
Main Lateglacial Shoreline. 
1 FIG. 4 - 1 D 6 FIG. 4 - 1 G 
9023 5577 12.64 6871 4348 8.58 
9029 5218 12.40 6874 4343 7.64 
9026 5.577 c 12.52 6880 4333 8.79 
6889 4316 8.35 
2 FIG. 4 - 1 D 6897 4306 8174 
9093 5538 10.91 6900 4300 8o52 
9095 5534 10.86 6889 4216 A 8.41 
9097 2521 10.5_1 6853 4389 c 5.66 
9095. 5.524 A 10.76 6857 4387 c 6.74 
_2 FIG. 4 - 1 D 1 FIG. 4 - 1 G 
9104 5530 11.35 6903 4296 7-57 
9106 5530 10.09 6905 4289 7.78 
9109 5220 10.12 6908 4286 7.62 
9107 2520 A 10.22 6909 4282 6.80 
6909 4277 7.09 
A FIG. 4 - 1 D 6910 4274 6.41 
9068 5613 12.32 6909 4282 A 7.21 
9075 5619 12.58 6910 4270 c 5.78 
9072 5616 c 12.45 6915 4266 c 5.62 
.2 FIG. 4 - 1 G 8 FIG. 4 - 1 I 
6823 4426 8.02 6353 4572 6. 39 
6825 4422 7.99 6339 4~80 6.12 
6829 4418 8.84 6246 4576 B 6.29 
6833 4416 8.80 
6831 4411 8,02 _2 FIG. 4 - 1 H 
6840 4406 7.86 6424 4538 6.00 
6845 4400 9.00 6436 4532 6.40 
6848 4397 9.24 6441 4527 7. 51 
6822 4292 7. 27 6448 4522 8.24 
68~1 < 4411 A 8.22 6458 4516 1·21 
6819 4465 c 7.01 6441 4227 A 7-10 
6820 4459 c 6.49 -..... 
6820 4454 c 6.18 10 FIG. 4 -1 J 
5793 4985 4-57 
5792 4978 4.70 
5790 4974 4.18 170. 
5790 4968 3-99 12 FIG. 4 - 1 J 
5790 4963 4.46 6009 4722 5.11 
5790 4959 4.52 6013 4706 6.43 
2120 4924 4-22 l2 FIG. 4 - 1 I 
2120 4968 A 4-29 6065 4660 6.93 
6064 4658 6.40 
11 FIG. 4 - 1 J 6088 4662 5.36 
5791 4946 4.02 6101 4667 6.73 
5792 4940 4.18 6122 4674 2.68 
5802 4936 4. 37 6006 4678 B 6.09 
5803 4926 4.61 6103 4664 c 3.67 
5808 4916 4.26 
2802 4926 c 4.28 16 FIG. 4 - 1 I 
6304 4573 6.18 
12 FIG. 4 - 1 J 6311 4581 6.12 
5815 4896 5.04 6317 4583 6.46 
5821 4887 5.71 6226 4586 6.42 
5827 4882 5.62 6215 4582 B G.29 
5830 4876 5.47 
5833 4871 5-57 .:!1 FIG. 4 - 1 K 
5822 4867 2-74 6302 5851 4-45 + 
2829 4880 B 2·22 
5839 4867 B 6.18 18 FIG. 4 - 1 K 
6233 5764 4.06 + 
.12 FIG. 4 - 1 J 6234 5761 3.85 + 
5837 4863 5.63 6235 5756 4.68 + 
5860 4862 3.96 6237 5752 4.68 + 
5872 4833 4.05 6238 5748 4.79 + 
2888 4812 2·41 6239 5742 4.50 + 
2866 4842 c 4.26 6240 5737 4.25 + 
5876 4835 2.28 6241 5733 4.27 + 
5880 4823 3.10 6242 5728 3.90 + 
6243 5724 5-07 + 
.1A FIG. 4 - 1 J 6242 5720 4.60 + 
5911 4789 3.76 6229 5752 B 4.42 
5928 4783 5.66 
5946 4770 3.14 
5956 4758 5. 15 -.... 
2981 4126 6.21 
2946 4770 B 4-78 
171. 
Postglacial Raised Shorelines • 
.:!2. FIG. 4 - 1 A 
9842 6275 5.12 9910 6156 3.69 
9849 6272 5. 31 9913 6163 4.85 
9855 6269 5-45 9917 6169 3.92 
9860 6266 4-49 9920 6174 4.24 
9868 6262 5.82 9923 6179 4.07 
9875 6258 6.05 9925 6185 4.06 
9881 6255 5.74 9927 6190 3-99 
9887 6250 5-79 9928 6193 4.25 
9893 6246 5.82 9921 6200 4.21 
9898 6242 5.58 9921 6176 B 4.19 
9902 6226 5.82 
9872 6228 A 2·54 ~ 
FIG. 4 - 1 A 
9878 6268 12.94 
20 FIG. 4 - 1 A 
9875 6270 12.70 
9895 6214 3.62 
9870 6273 12.46 
9886 6208 3. 51 
9865 6276 12.39 
9883 6205 3.64 
9861 6278 12.21 
9877 6208 3.42 
9856 6281 11.58 
9875 6204 3. 81 
9851 6283 11.99 
9877 6198 4.04 
9847 6285 12.28 
989 6189 2-97 
9843 6287 12.04 
9871 6208 A 3.72 
9839 6289 12.38 
9835 6290 12.61 
21 FIG. 4 - 1 A 
9832 6291 11.72 
9894 6180 4.26 
9826 6291 11.75 
9898 6172 4.15 
9820 6289 11.16 
9899 6165 4.15 
9815 6291 12.87 
9899 6156 4.24 
9847 6285 A 12.21 
9902 6152 4.72 
9902 6148 5. 51 
24 FIG. 4 - 1 A 
9904 6144 4. 51 
9811 6292 10.46 
2202 611;2 4-99 
9806 6293 10.25 
9902 6124 A 4.56 
9801 6295 9.77 
9800 6301 9.81 
22 FIG. 4 - 1 A 
9792 6202 10.19 
9909 6147 4-57 
9801 6296 B 10.22 
9910 6151 4.37 
172. 
~ FIG. 4 - 1 A 
9782 6301 3.89 29 FIG. 4 - 1 A 
9775 6309 2.29 9999 6287 7.01 
9770 6310 2. 31 0001 6288 6.68 
9769 6305 2.44 0004 6290 6.54 
9770 6298 2.82 0008 6293 6.03 
9774 6297 2.48 0009 6296 4-93 
9780 6296 3-44 0012 6299 5-94 
9788 6293 4.69 0015 6302 5.78 
9791 6293 4-55 0016 6312 4-77 
9124 6292 4.26 0021 6314 4.60 
9190 6292 B 4. 29 0026 6316 4.82 
0029 6319 4.64 
26 FIG. 4 - 1 A 0033 6320 4.05 
9907 6248 9.60 0037 6322 4.02 
9910 6247 10.11 0044 6324 4.16 
9912 6247 9.80 0048 6327 1.14 
9915 6247 9.26 0054 6327 4.09 
9911 6247 B 9.69 0058 6325 4.95 
0064 6324 5.02 
ll FIG. 4 - 1 A 0069 6324 4.90 
9793 6283 7-57 0076 6323 5.03 
9788 6277 8.16 0083 6323 4.91 
9795 6277 7.17 0095 6;222 5-12 
9801 6277 8.22 0040 6;210 B 5.10 
9895 6280 c 1·82 
9807 6278 5. 51 2Q FIG. 4 - 1 A 
9812 6278 4.40 0159 6350 13.82 
9816 6280 4. 31 0161 6352 13.64 
0163 6356 13.74 
28 FIG. 4 - 1 A 0162 6360 13.88 
9975 6268 5.56 0161 6362 13.57 
9978 6272 5.26 0159 6365 13.57 
9983 6275 4.60 0154 6371 12.83 
9987 6277 4.65 0149 6271 13.24 
9989 6278 4.27 0154 6260 A 13.24 
9993 6279 4.28 0147 6351 11.62 
9996 6280 4-41 0152 6350 12.01 
9987 6277 A 4.72 
173· 
2..! :B1IG. 4 - 1 A 
0130 6397 6.55 9436 5966 3.92 
0127 6400 6.44 9441 5967 3.42 
0125 6401 6.62 9445 5965 3.64 
0122 6402 6.99 9453 5962 3.96 
0120 6404 6.26 9458 5976 2.87 
0122 6402 B 6.59 9454 5977 4-74 
0113 6410 4.92 9440 5974 6. 37 
0111 6414 4.28 9375 5947 5.93 
9381 5949 4.91 
E FIG. 1: - 1 B 9386 5951 5.28 
9538 6029 12.65 9391 5954 4.28 
9542 6-27 14.17 
9551 6040 13.98 36 FIG. 4 - 1 c 
9522 6024 12-16 9435 5975 8.06 
9242 6022 B 12.64 9433 5974 7.08 
9429 5972 6.35 
.3.1: FIG. 4 - 1 c 9424 5969 '{.18 
9399 5933 5.96 9421 5968 6.61 
9401 5929 6.49 9412 5965 7.22 
9404 5937 3.36 9413 5962 7.40 
9407 5940 6.25 9409 5958 7.64 
9411 5941 6.06 9401 5953 7.46 
9413 5946 6.29 9421 5968 c 7.2 
9418 5950 6.53 
9422 2952 6.61 XL FIG. 4 - 1 c 
9411 5940 B 5.95 9446 5934 4.89 
9445 5940 4.63 
22 FIG. 4 - 1 c 9444 5945 4.57 
9433 5965 5-97 9445 5940 A 4.70 
9456 5958 5.16 9447 5929 6.53 
9460 5963 4.91 
9462 5966 3.92 ~ FIG. 4 - 1 C 
9464 5970 4.72 9435 5917 14.42 
9466 5973 5-53 9436 5913 13.65 
9468 5978 5.64 9435 5911 13.38 
9471 5981 5-73 9426 5908 12.71 
9462 2980 5-46 94~5 5911 A 13.19 
---.... 
9420 2912 A 5-22 
174. 
9063 5594 7.96 8444 4962 9.72 ++ 
9067 5598 6.77 8440 4959 11.20 ++ 
2010 2600 6.61 8437 4956 8.47 ++ 
9021 2290 c 1·29 8434 4953 10.22 ++ 
8432 4950 9.79 ++ 
49 FIG. 4 - 1 B 8427 4947 10.11 ++ 
9076 5601 8.71 8442 4929 B 9.27 ++ 
9086 5603 8.32 
9092 5602 8.00 54 FIG. 4 - 1 F 
9097 5599 7.95 8399 4882 4.97 ++ 
9099 5597 7-79 8406 4909 4.42 ++ 
9082 2600 c 8.12 8425 4926 4-77 ++ 
8450 4902 c 4-72 ++ 
2Q FIG. 4 - 1 D 
9096 5593 6.13 55 FIG. 4 - 1 F 
9096 5588 5.46 8414 4933 10.23 ++ 
9094 5584 3.96 8411 4928 9.69 ++ 
9091 5578 4·22 8408 4923 9.28 ++ 
9092 2582 B 4-92 8405 4919 8.96 ++ 
8403 4916 8.84 ++ 
.2l FIG. 4 - 1 F 8402 4911 9.86 ++ 
8537 5092 5.28 ++ 8399 4904 9.20 ++ 
8541 5096 5-78 ++ 8398 4898 9.00 ++ 
8530 5084 5.04 ++ 8397 4891 9-33 ++ 
8527 5079 4.23 ++ 8396 4881 8.89 ++ 
8522 5071 7-97 ++ 8395 4875 9.16 ++ 
8520 5069 6.71 ++ 8292 4871 9.18 ++ 
8519 5067 6. 32 ++ 8402 4911 B 9.20 ++ 
8517 5065 6.53 ++ 
8212 2060 5.09 ++ ~ FIG. 4 - 1 H 
8226 2075 B 5.88 ++ 6398 4582 7.71 
6386 4583 7.03 
.2 FIG. 4 - 1 F 6378 4583 7.04 
8512 5056 8.34 ++ 6376 4586 7.45 
8209 2049 8. 27 ++ 6371 4587 7.78 
8211 202~ B 8.~6 ++ 6:274 4278 7.08 
22 FIG. 1: - 1 F 6286 4580 B 1·~2 
8457 4972 9.42 ++ 
--
" 8452 4968 8.54 ++ 
8448 4965 8.66 ++ 
175. 
.32 FIG • 1_- 1 E i2 FIG. 4 - 1 E 8810 5352 7.45 
8923 5501 7.30 
8813 5355 7.22 8926 5499 8.86 
8817 5361 6.59 
FIG. 4 - 1 D 
8821 2262 7.91 8924 5504 9.23 
8812 2258 c 7.29 8924 5509 8.97 
8930 5514 7.87 
40 FIG. 4 - 1 E 
8933 5519 7.72 
8823 5367 9.26 
8938 5529 8.57 
8827 5372 9,02 
8942 5534 8. 31 
8826 5272 11.42 8945 5540 8.65 
8825 2271 A 9.91 
8942 2247 9.24 
8924 5223 c 8.47 
.41 FIG • 4 - 1 E 
8833 5384 8.73 
46 FIG. 4 - 1 D 
8838 5391 8.04 
8955 5545 9.86 
8844 2291 6.88 8960 5547 10.36 
8828 2291 c 1.88 8965 5546 10.69 
42 FIG. 4 - 1 E 8961 5554 9.44 
8868 5430 13.13 8966 5556 9.89 
8875 5437 12.21 8969 5555 11.39 
8878 5441 9.78 8975 2550 10.62 
8881 5445 10.40 8965 5517 B 10.22 
8883 5447 10.42 8985 5550 9.95 
8883 5451 10.90 8986 5548 8.28 
8885 5456 11.43 
8886 5459 11.09 47 FIG. 4 - 1 D 
8820 2460 10.62 8992 5559 8.23 
8876 2442 B 11 • 11 8997 5562 7.53 
9003 5567 7.37 
A2 FIG. 4 - 1 E 9009 5569 7-54 
8894 5469 9.58 9013 5572 7.60 
8895 5472 9. 59 9003 5566 c 7.65 
8898 2172 10.14 
8896 2471 A 9-77 48 FIG. 4 - 1 D 
9044 5580 6.42 
M FIG. 4 - 1 E 9047 5583 6.64 
8907 5488 12.5 _: ~9049 5585 7.59 
8913 5492 13.43 9051 5588 8.04 
8918 5496 13.52 
9055 5590 7.72 
8922 2498 12.69 9059 5593 7.82 176. 8212 2422 B 12.29 
21 FIG. 1 - 1 H 62 FIG. 4 - 1 L 
6375 4572 6.85 7452 6055 7.68 
6269 1229 5. 21 7443 6055 8.32 
6272 1266 c 6.18 7433 6056 7.59 
7430 6058 6.73 
~ FIG. 4 - 1 H 7426 6060 6.92 
6402 4559 6.87 7428 606:2 c 1·45 
6409 4546 6.09 
6414 4540 5.74 _§.2 FIG. 4 - 1 L 
6417 4228 5.76 7412 6068 7.03 
6412 4245 A 6.12 7410 6065 7.49 
7407 6064 7.45 
.52 FIG. 4 - 1 I 7404 6063 7. 36 
6147 4677 7.86 7400 6062 7.59 
6152 4674 8.07 7400 6058 7.19 
6155 4672 7.98 7299 6055 7.67 
6158 4669 7.36 7405 6062 c 7.39 
6161 4665 7.25 
6165 4663 7.09 64 FIG. 4 - 1 L 
6169 4660 7.80 7483 5984 4.90 
6173 4658 8.74 7489 5984 5.52 
6171 4656 9.46 7497 2982 4.64 
6181 4654 9.47 7490 5984 B 2.02 
6184 4651 9.34 
6160 4664 A 8.22 65 FIG. 4 - 1 L 
7510 5982 10.29 
60 FIG. 4 - 1 K 7514 5985 10.35 
6289 5840 3.05 7518 5988 9.34 
6272 5830 4.82 7544 5983 10.82 
6226 5811 4.28 7548 5985 10.66 
62]2 2822 c 4.02 7559 5986 9.45 
7562 5990 9.58 
61 FIG. 4 - 1 L. 7544 5984 B 10.07 
7459 6036 7.91 66 FIG. 4 - 1 M 
7461 6041 8. 31 7648 6069 4.41 
7462 6048 8.73 7655 6072 3 .. 72 
7428 6052 8.95 7655 6067 4.07 
7460 6042 A 8.48 7653 €669 B 4.01 
7644 6073 6.13 
177. 
B PIG. 4 - 1 1'1 72 FIG. 4 - 1 0 
7682 6063 6.29 7546 6855 9.65 + 
7684 6066 6.72 7545 6853 9.86 + 
7684 6061 5.96 7545 6851 9.55 + 
7682_ 6062_ c 6.32 7545 6848 10.14 + 
7544 6846 9.68 + 
68 FIG. 4 - 1 N 7544 6842 10.15 + 
7226 6397 5.63 7542 6840 10.24 + 
7230 6393 5-13 7545 6846 B 9.89 
7234 6391 5-34 
7228 6289 5-74 1l. FIG. 4 - 1 0 
7231 6292 B 5.46 7545 6810 9.42 0.1 + 
7235 6398 6.94 7545 6807 9.60 0.5 + 
7232 6403 8.99 7545 6805 8.98 0.2 + 
7229 6405 8.04 7545 6803 8.97 0.1 + 
7545 6801 9.94 0.2 + 
69 FIG. 4 - 1 N 7545 6805 B 9.28 
7210 6394 4.87 
7210 6298 5-42 FIG. 4 - 1 0 
7210 6296 B 5.16 7518 6851 9-598 0.3 + 
7210 6403 6.99 7520 6850 10_6 6 + 
7504 6801 4-99 + 
70 FIG. 4 - 1 N 7505 6799 9. 61 + 
7208 6404 8.96 7411 6861 9. 61 + 
7205 6405 8.50 
7201 6402 9.03 
7199 6401 7.56 
7197 6402 7.42 
7203 6402 B 8.29 
.l!. FIG • 4 - 1 N 
7193 6407 10.68 
7189 6413 12.00 
7190 6416 10.92 
1122 6111 c 11.2 
7187 6407 8.73 
7185 6403 7-79 
7184 6400 5-93 
7185 6397 5.21 
178. 
Outwash. 
FIG. 4 - 1 A CORRAN 
0141 6371 18.83 2.0 9355 5926 9.83 0.60 
0143 6367 20.39 1. 9 9358 5926 8.89 0.80 
0139 6366 20.53 1. 9 9364 5925 8.68 0.55 
0136 6366 20.13 2.4 9369 5924 7.87 0.55 
0132 6365 20.15 2.6 
0128 6364 20.17 2.1 
0124 6362 19.72 2.0 
0120 6361 19.45 2.0 
0117 6360 19.01 2.5 
0113 6359 18.11 2.1 
FIG. 1 - 1 c INVERSANDA 
9272 5969 18.33 0.35 
9276 5957 17.55 0.20 
9277 5955 16.89 0.10 
9282 5951 15.89 0.80 
9286 5945 15.00 1. 30 
9289 5940 14.61 1. 30 
9293 5935 14.05 1. 35 
9296 5931 13.19 1. 30 
9299 5927 12.74 1.25 
9302 5926 12.58 0.40 
9305 5924 12.33 0.40 
9308 5923 11.71 0.50 
9310 5921 11.14 0.30 
9312 5920 11.97 0.40 
9315 5918 11.03 1.10 
9321 5916 10.74 0.70 
9326 5916 8.99 0.80 
9329 5913 8.09 0.80 
9333 5911 8.01 o. 30 
9339 5914 6.77 0.40 
9338 5930 9.39 0.80 
9340 5929 9.64 0.40 
9344 5928 9.17 0.80 
9347 5927 8.88 
....._ 
0.40 
9352 5927 10.73 0.65 
179. 
FIG. 4 - 1 1. LAUD ALE FIG. 4 - 1 o. SHIEL 
7401 6052 8.12 7549 6821 18.44 0.6 + 
7401 6047 8.46 7548 6824 18.49 0.3 
7401 6042 8.79 7548 6828 18.93 0.3 
7401 6037 9.94 7548 6832 19.76 
7400 6032 10.25 7551 6835 19.55 0.3 
7399 6027 10.69 7552 6838 20.50 0.2 
7398 6023 11.01 7552 6840 19.94 0.5 
7397 6020 12.78 7552 6843 19.64 0.4 
7395 6017 14.09 7552 6856 11.54 1.0 
7392 6014 16.41 7552 6849 18.08 2.0 
7390 6012 17.55 7552 6851 19.23 2.0 
7390 6010 18.52 7552 6853 20.39 0.8 
7389 6008 19.49 7553 6857 20.79 0.3 
7388 6007 20.73 7552 6799 17.82 0.3 
7404 6002 19.04 1.00 7550 6797 15.81 3.0 
7409 6002 17.89 1.05 7548 6796 15.65 3.0 
7412 6002 17.88 1. 50 7546 6794 17.69 0.3 
7417 6002 15.88 2.15 7543 6792 16.94 0.9 
7422 6002 15.25 2.00 7525 6849 20.74 0.3 
7427 6002 14.31 2.20 7524 6847 18.81 1. 0 
7432 6002 13.76 2.80 7506 6796 13.84 1. 0 
7437 6002 12.92 3.00 7507 6794 14.04 1. 0 
7442 6002 15 .. 47 0.50 7417 6863 15.98 
7446 6002 14.56 0.90 7424 6865 14.33 2.3 
7450 6002 14.03 7431 6866 13.88 2.5 
7453 6002 11.00 0.80 7438 6868 15.14 1.5 
7459 6002 10.35 0.75 
7463 6002 10.02 0.30 
7467 6002 9.28 0.40 
7470 6002 8.39 0.35 





This appendix lists the results of the chemical analysis of the 
core LS3 from Loch Shiel (Chapter 8). 
1. Sample depth is given in centimetres below the mud-water inter-
face in the core tube. 




Depth (cm) Na Mg Al Si p 
40 1.820 2.05 14.86 59.00 • 681 
60 1. 808 2.27 15.27 59.20 .67 
80 1.724 2.26 14.82 56.50 .715 
100 2.740 3-34 13.62 55.90 .488 
120 2.760 3-24 13.38 56.25 .488 
140 2.9.60 3-35 13.72 56.55 .497 
160 2.517 3.81 13.56 57.20 .455 
180 2.700 3.42 13.83 56.40 .433 
200 2.760 3.30 13.50 56.42 .463 
220 2.908 3.37 13.42 54.30 .455 
240 2.941 3.40 14.42 58.60 .487 
260 2.894 2.90 12.62 58.40 .467 
280 2.446 2.73 11.50 47.80 .410 
300 2.975 3.55 14.12 58.25 .483 
320 2.237 2.63 11.42 46.10 .374 
340 3.080 3.63 14.48 59.20 .452 
360 2.723 2.92 11.66 47.20 .384 
380 2.455 2.71 11.36 46.30 • 387 
400 2.360 2.63 11.10 45.00 .363 
420 2.564 2.60 11.15 51.00 .430 
440 2.968 2.96 12. 13 50.55 .620 
460 2.812 2.90 11.62 49.50 .617 
480 2.675 3.07 12.60 49•90 .482 
500 2.540 2.87 12.25 50.80 -445 
520 2.692 3.00 12.15 48.65 .414 
182. 
Sample 
Depth (cm) K Ca Ti Mn Fe 
40 1. 87 1.60 .91 .384 15.80 
60 2.07 1.78 .99 .325 15.33 
80 1. 85 1.72 .90 .298 16.78 
100 2.50 2.90 • 54 .180 18.02 
120 2.73 2.70 .61 • 123 18.56 
140 2.42 3.12 .60 .144 16.94 
160 2.72 3.10 .60 .112 15.85 
180 2.38 2.90 .60 .143 16.66 
200 2.58 3.21 .60 .120 16.86 
220 2.40 3.18 .59 .144 16.54 
240 2.56 3-64 • 61 • 132 18.27 
260 2.04 2. 31 • 59 .298 17.28 
280 2.25 2. 30 .48 .124 15.55 
300 2.47 3.25 .62 • 121 17.73 
320 2.10 2.60 -47 .1 07 12.94 
340 2.43 3.00 .63 .169 18.02 
360 2.04" 2.76 .47 • 102 14.21 
380 2.06 2.60 .46 • 118 13.67 
400 1. 88 2.70 .43 .109 13.85 
420 1.74 2.00 .48 .283 15.13 
440 1. 97 2.80 • 51 • 374 17.74 
460 2.23 2.97 .56 • 304 17.70 
480 1. 97 2.63 • 51 .266 16.96 
500 2.20 3.16 -53 • 151 16.00 





1. The actual number of pollen and spores recorded for each taxa 
at each level are given. 
2. Sample depth is given in centimetres for Loch Shiel, measured 
from the top of the core tube. For Salen, depths are given 
in metres below ground level. 
184 
POLLEN COUNTS . SALEN. . 
No. TAXA 2.136 2.181 2.218 2.155 2.291 2.328 2.364 
1 ALNUS 1 
2 BETULA 43 22 34 16 154 14 
3 PINUS SYLVESTRIS 11 5 9 2 10 3 
4 BErULA/CORYLUS/MYRICA 2 6 1 
5 CORYLUS/MYRICA 1 1 10 
6 SAL IX 16 15 14 17 63 15 
7 CALL UNA 3 
8 EMPETRUM 66 68 55 9 8 16 31 
9 ERIC ALES 47 28 10 7 19 19 
10 ARNERIA 
11 ARTEMISIA 1 2 9 
12 CALTHA 1 
13 CARYOPHYLLACEAE 1 1 1 1 
14 CHENOPODIACEAE 1 1 
15 CRUCEFERAE 35 41 16 42 47 60 
16 CYPERACEAE 1 4 1 
17 EPILOBIUH 1 1 
18 FILIPENDULA 5 5 
19 GALIUM 1 
20 GRAMINEAE 141 97 69 18 58 27 
21 HELIANTHEMUM 
22 LABIATAE 
23 LIGULIFLORAE 1 1 1 1 
24 IviATRICARIA TYPE 1 1 2 1 4 
25 PAPILIONACEAE 1 
26 PLANTAGO UNDil~'F. 1 1 
27 POTENTILLA 
28 RANUNCULUS REPENS 1 1 
29 !UU~NCULLUS UNDIFF. 7 2 9 2 
30 ROSACEAE 7 1 3 13 4 1 
31 RUNEX ACETOSA 3 
32 RUMEX ACETOSELLA 13 10 8 7 1 4 
185. 
No. 2.421 2.567 3.310 3.486 3.6~7 3.663 3.679 3.695 3.710 3.726 3.742 3.758 
1 
2 50 2 41 35 8 35 64 65 
3 12 2 6 14 7 2 4 3 6 
4 2 5 2 
5 
6 1 10 4 14 12 4 12 22 14 
7 11 
8 231 71 166 173 108 78 222 142 76 159 175 214 
9 2 2 2 1 7 1 
10 1 1 
11 3 2 22 6 3 1 
12 
13 1 2 1 1 1 
14 3 1 
15 4 114 6 97 216 227 133 30 118 66 65 
16 
17 1 1 1 
18 1 3 3 2 
19 
20 7 5 192 9 14 28 140 171 44 132 87 111 
21 
22 
23 3 2 





29 1 2 1 2 2 1 
30 2 3 
31 
32 1 1 1 1 2 
186. 
No. 3· 774 3· 789 3.805 3.821 ~ 3.853 ).860 3.884 3.900 3.916 3.936 3-947 
1 
2 68 71 35 33 34 33 24 53 25 26 21 34 
3 4 7 3 3 4 2 5 8 3 3 3 1 
4 1 1 1 
5 
6 2 10 12 2 10 3 19 18 25 28 13 22 
7 6 8 1 3 3 6 1 
8 178 98 172 102 193 165 174 231 164 65 59 13 
9 5 2 1 1 2 1 1 
10 1 1 2 4 
11 1 3 2 6 1 6 14 8 8 1 6 
12 
13 3 1 2 5 1 
14 2 1 2 4 1 
15 62 62 62 88 67 72 114 87 94 49 49 
16 1 2 1 
17 1 1 
18 6 4 6 6 2 4 1 
19 1 
20 101 116 117 133 95 96 43 35 45 39 
21 
22 
23 1 1 2 1 2 5 1 3 1 1 




28 1 2 2 
29 2 1 2 3 5 2 1 
30 1 1 9 1 2 1 
31 2 2 3 5 4 44 
32 5 1 2 3 17 35 5 32 66 
187. 
No. TAXA 2. 136 2. 181 2.218 2.255 2.291 2.328 2.364 
33 RUMEX UNDIFF. 4 4 10 10 6 6 
34 SAXIFRAGA UNDIFF. 1 
35 SOLIDAGO 
36 THALICTRUM 1 3 1 
37 UMBELLIFERAE 1 1 1 1 
38 URTICA 1 2 1 1 1 3 
39 VALERIANA OFFICINALIS 1 1 
40 JUG LA.l\fDACEAE 1 
41 ATHYRIUM ALPESTRE 1 10 5 1 1 3 
42 DRYOPTERIS CARTHUSIANA 2 2 1 
43 DRYOPTERIS FELIX-MASS 4 39 11 13 8 
44 EQUISETUM 
45 FILICALES IDIDIF!i1 • 7 2 4 2 5 1 
46 LYCOPODIUN ALPINUI'1 1 
47 LYCOPODilTM CLAY.A!lruM. 1 2 
48 LYCOPODIUM INUNDATUM 1 1 
49 LYCOPODIUM SELAGO 1 3 7 10 2 7 
50 LYCOPODIUM UNDIFF. 1 2 
51 SPHAGNUM 
52 POLYPODIUM VULGARE 4 7 7 10 1 1 
53 POLYPODIACEAE 102 194 239 61 103 50 2 
54 PTERIDIUM AQUILIUM 1 
55 SELAGINELLA SELAGINOIDES 6 1 1 
56 MYRIOPHYLLUM ALTERNIFLORUM 45 39 69 157 58 64 
57 MYRIOPHYLLUM UNDIFF. 3 15 11 11 14 2 
58 NYMPHEA 
59 POTAMOGETON 19 8 13 22 7 15 
60 TYPHA LATIFOLIA 2 
61 INDETERMINATE CONCEALED 24 16 13 18 16 4 29 
62 INDETERMINATE CORRODED 2 
63 INDETERMINATE CRUNPLED 7 1 3 4 2 19 
64 INDETERMINATE D:ffiRADED 1 1 
No. 2.~21 2.267 2·210 2·486 2.617 2.662 2·619 2·692 2·110 2·126 2·142 2·128 
33 14 1 1 2 5 2 7 7 5 
34 4 1 
35 
36 5 2 3 
37 1 10 4 
38 1 1 2 1 
39 
40 
41 1 1 1 
42 
43 6 2 5 15 
44 2 
45 3 2 5 3 1 1 
46 4 2 
47 4 1 2 
48 1 
49 62 48 52 20 8 105 76 23 44 44 32 33 
50 
51 
52 4 3 1 9 1 2 2 
53 38 56 20 
54 
55 1 6 6 15 8 5 4 
56 12 11 25 6 12 16 18 




61 21 3 61 23 12 1 10 20 9 9 3 
62 1 6 2 1 2 4 
63 16 4 72 7 18 15 6 36 1 1 
64 2 
190. 
No. 2·774 ~·189 2.80~ 2.821 2·821 2·852 ~.860 2·884 2•900 2.916 2·926 2-917 
33 5 5 2 7 7 7 4 8 7 28 40 
34 36 
35 2 
36 1 2 2 2 1 1 1 1 2 1 2 
37 1 1 5 1 3 1 1 
38 1 1 1 2 2 2 1 
39 1 
40 
41 1 2 1 
42 
43 4 17 13 11 2 2 2 4 5 
44 
45 2 4 5 2 3 4 3 
46 _, 6 
47 1 1 1 
48 1 
49 18 21 21 29 29 40 56 56 97 88 84 
50 
51 10 
52 2 4 4 1 3 3 4 3 6 1 3 
53 78 76 78 65 60 89 90 109 131 116 
54 
55 2 2 1 1 2 1 1 
56 9 18 18 9 9 14 4 14 15 2 4 6 
57 4 2 2 1 2 3 3 1 2 
58 
59 1 
60 2 1 
61 5 8 6 2 2 4 7 3 1 3 6 8 
62 3 8 1 4 5 
63 1 4 4 4 2 1 2 1 1 2 2 
64 
191. 
POLLEN COUNTS LOCH SHIEL. 
No. TAXA 90 100 110 120 130 140 150 
1 BETULA 109 119 114 125 141 131 62 
2 ALNUS 140 133 89 96 136 139 76 
3 FRAXINUS 
4 PI NUS 2 2 3 1 5 5 12 
5 QUERCUS 11 11 8 31 28 20 
6 TILIA 1 
7 ULMUS 15 9 8 3 1 
8 CORYLUS 140 91 53 95 111 147 125 
9 EMPETRUM 10 2 1 
10 ERICACEAE 93 87 50 45 8 41 48 
11 !LEX 2 2 1 "' J 
12 SAL IX 6 6 7 8 7 12 8 
13 ARTEMISIA 1 1 
14 CARYOPHILACEAE 1 1 3 3 
15 CHENOPODIACEAE 
16 COMPOSITAE 6 4 22 3 7 3 2 
17 CRUCIFERAE 
18 CYPERACEAE 120 144 154 104 63 38 82 
19 EPILOBIUM 
20 FILIPENDULA 6 9 
21 GALIUM 1 
22 GRAMINEAE 80 134 163 199 222 225 202 
23 HELIANTHEMU11 3 
24 LABIATAE 2 
25 L.ffiUMINOSA 2 5 4 
26 PLANTAGO LANCEOLATA 1 
27 PLANTAGO UNDIF. 20 4 5 4 
.192. 
No. 160 170 180 190 200 210 220 220 2~:0 220 260 210 
1 86 74 103 108 148 96 153 167 122 96 133 227 
2 129 110 109 102 103 100 109 106 99 150 133 150 
3 1 0 3 1 3 7 
4 9 15 12 15 16 17 8 13 10 9 10 8 
5 16 27 30 37 40 50 46 64 27 19 32 64 
6 
7 2 15 9 18 12 6 2 5 1 6 
8 139 88 108 109 106 102 103 79 88 78 103 137 
9 1 3 1 1 3 2 
10 36 32 45 41 45 34 37 33 30 15 16 
11 2 1 0 3 2 3 5 3 1 2 
12 6 8 3 
13 1 2 1 1 
14 2 
15 
16 2 1 1 1 2 2 1 
17 1 3 0 4 2 2 1 3 2 




22 210 239 221 181 198 237 240 110 260 189 190 95 
23 ·1 1 
24 
25 2 1 1 2 
26 1 3 
27 1 4 3 5 3 4 1 4 2 8 5 
193. 
No. 280 290 200 210 220 220 240 220 ;260 210 280 290 
1 106 114 245 213 90 153 180 157 165 149 255 188 
2 178 179 152 209 176 173 138 217 179 198 176 192 
3 4 4 5 20 1 
4 6 8 9 10 11 7 6 13 11 5 13 13 
5 60 62 24 33 40 59 30 43 39 34 40 38 
6 
7 4 1 5 7 4 3 2 2 5 3 4 1 
8 124 127 113 123 129 128 73 118 129 104 122 92 
9 1 1 
10 18 23 9 11 21 10 10 10 11 13 10 13 
11 7 2 1 1 
12 3 7 1 1 1 4 4 1 2 
13 1 1 
14 1 1 
15 2 1 1 6 2 1 1 1 
16 2 3 1 
17 2 1 6 3 2 1 1 3 4 




22 146 129 106 78 113 114 34 92 80 91 62 63 
23 
24 
25 1 2 1 1 1 5 1 1 4 
26 1 1 
27 6 6 1 1 6 7 2 2 3 2 
194. 
No. 400 410 420 430 440 450 460 470 480 490 500 510 
1 168 188 194 148 169 152 131 139 183 128 152 124 
2 180 165 239 146 161 191 186 150 151 154 154 196 
3 
4 11 6 6 24 29 18 26 76 34 23 28 33 
5 67 32 60 24 16 12 55 36 37 22 22 58 
6 
7 3 3 4 2 7 5 3 3 5 2 3 7 
8 94 92 98 79 ·ae 112 86 91 91 73 94 104 
9 4 
10 21 13 13 8 2 11 11 13 9 10 14 11 
11 2 2 3 1 
12 3 4 3 1 1 4 6 3 4 3 3 3 
13 1 1 
14 
15 1 2 1 1 7 3 
16 1 2 2 2 
17 2 1 2 1 3 3 2 
18 19 18 20 15 16 16 33 21 24 18 22 19 
19 1 1 
20 4 1 
21 
22 83 64 68 78 78 68 67 64 25 66 56 70 
23 
24 
2) 2 2 2 1 1 1 1 
26 1 1 
27 1 1 2 1 4 1 
195. 
No. 520 530 540 550 560 570 580 590 600 
1 106 164 154 139 134 167 150 
2 168 164 180 157 166 175 189 176 159 
3 
4 30 19 22 21 29 26 22 31 32 
5 34 42 42 44 52 44 45 56 45 
6 
7 2 3 1 4 4 4 2 1 2 
8 75 70 81 80 88 . 85 87 118 92 
9 
10 9 8 12 1~ 8 7 10 9 8 
11 1 1 2 1 
12 3 6 2 1 3 1 1 5 2 
13 
14 
15 1 6 1 2 1 
16 . -1 1 2 0 
17 1 1 3 1 




22 54 56 63 55 75 53 25 45 53 
23 
24 




No. TAXA 90 100 110 120 130 140 120 
28 POTENTILLA 3 4 1 9 10 9 2 
29 H.ANUNCULACEAE 1 14 29 22 8 3 
30 ROSACEAE 2 6 3 1 1 12 6 
31 RUMEX ACETOSA 84 
32 RUMEX ACETOSELLA 26 
33 RUMEX UNDIF. 4 4 5 
34 SAXIFRJ~GACEAE 
35 SUCCISA 4 6 1 2 1 
36 UMBELLIFERAE 6 1 1 
37 URTICA 4 12 9 3 
38 VALERINA 
39 MENYANTHES 
40 MERIOPHILUM UNDIF. 
41 NTI'IPHAEA 1 
42 POTAJviOGETON 1 
4:3 TYPHA UN])IF. 
44 DRYOPTERIS 
45 FILICALES 143 96 75 109 106 1(!)d) 111 
46 LYCOPODIUM 10 1 
47 SELAGINELLA 2 2 1 
48 SPHAGNUM 49 30 ~ 7 
49 PTERIDIUM 4 4 5 4 4 
50 POLYPODIUM VULGARE 8 -8 8 .. 6 14 
51 OSMUNDA 2 
52 INDETERMINATE 3 4 9 4 1 76 
53 PRE-QUATERNARY 9 1 2 5 4 1 
197. 
No. 160 170 180 190 200 210 220 230 240 250 260 270 
28 3 9 3 1 2 1 4 2 4 3 1 
29 15 12 11 7 11 6 13 9 11 11 8 
30 8 8 7 9 6 3 11 3 7 5 4 7 
31 
32 
33 24 4 4 4 4 5 6 6 3 1 6 6 
34 
35 1 2 2 1 .2 
36 1 2 2 1 2 
37 9 6 3 1 12 4 2 7 2 3 5 




42 1 2 
43 1 1 3 
44 
45 148 141 137 117 145 135 133 126 180 254 230 128 
L16 2 2 1 1 1 2 2 0 
47 1 1 1 0 1 2 1 0 
48 9 4 9 20 15 7 7 73 17 14 8 8 
49 3 2 1 
50 14 3 12 16 10 7 3 5 7 18 10 6 
51 1 1 2 1 1 3 3 8 
52 3 23 6 16 15 17 5 2 4 
53 1 4 1 1 
198. 
No. 280 290. 300 310 320 330 340 350 360 370 380 390 
28 5 2 1 2 1 1 3 1 1 
29 7 9 7 10 6 6 1 8 4 6 5 
30 6 6 4 4 6 6 6 4 4 4 1 1 
31 
32 
33 16 11 33 8 5 6 23 11 17 10 6 13 
34 
35 1 
36 1 1 3 1 1 
37 2 1 
38 1 1 2 1 
39 
40 
41 4 1 3 4 1 3 
42 4 1 3 4 1 3 
43 1 1 1 2 1 1 
44 2 1 
45 199 196 142 126 208 141 120 120 144 186 115 194 
46 1 1 
47 
48 13 9 12 3 10 4 12 8 11 12 7 8 
49 4 31 2 2 9 13 3 13 
50 11 15 2 9 7 7 13 10 2 6 5 12 
51 5 1 3 2 3 12 6 1 2 
52 14 3 8 37 7 9 6 3 3 
53 1 2 
199. 
No. 400 410 420 430 440 450 460 470 480 490 500 510 
28 2 7 2 1 1 1 5 2 1 2 2 
29 7 11 8 7 4 4 7 17 2 4 
30 2 3 4 2 4 4 16 1 1 2 
31 
32 
33 24 16 14 16 19 22 6 26 18 24 14 18 
34 1 1 
35 1 1 1 
36 2 1 1 1 
37 3 2 1 
38 1 ·2 1 
39 
40 17 13 5 
41 4 2 1 
42 4 2 1 17 13 5 
43 
44 1 
45 164 174 133 249 234 234 96 118 99 145 111 114 
46 1 1 1 
47 1 1 1 3 1 3 
48 13 13 14 17 11 16 9 10 8 12 20 14 
49 4 6 3 2 1 1 4 1 2 3 
50 5 6 11 17 15 4 6 9 7 10 13 
51 2 5 7 1 3 4 2 3 2 
52 4 20 4 7 4 5 2 32 8 8 6 
53 
200. 
No. 520 530 540 550 560 570 580 590 600 
28 2 2 1 2 3 2 1 1 
29 
30 2 1 2 10 
31 
32 
33 14 25 8 17 11 21 18 16 12 
34 
35 
36 2 1 1 
37 1 1 1 
38 1 1 1 1 2 
39 
40 4 5 1 6 1 
41 
42 4 5 1 6 1 
43 
44 
45 153 160 201 164 131 208 198 104 135 
46 
47 3 1 1 2 4 1 3 
48 13 12 6 5 13 3 r 29 3 0 
49 1 2 
50 12 8 11 7 5 7 7 7 12 
51 4 2 1 4 1 1 
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Palaeomagnetic and stratigraphic study of the Loch Shiel marine 
regression and overlying gyttja 
R. Thompson & T. Wain-Hobson 
SUMMARY: Palaeomagnetic, chemical and pollen analyses have been carried out on cores 
6 m long from the SW basin of Loch Shiel, Scotland. A marine regression in one core is dated 
at 4200 C14 years BP. Palaeomagnetic declination and inclination variations in the limnic gyttja 
are interpreted as reliable records of ancient geomagnetic field changes. Comparison with 4 
other British limnic palaeomagnetic sites indicates that systematic errors in C14 age determina-
tions have been caused in many of the sites by inwash of old soils and peats. The inwash effect 
is suggested to have been more pronounced and to have started significantly earlier in England 
than previously documented. Palaeomagnetic direction correlations and transference of C14 age 
determinations from the palaeomagnetic master curve described, can help overcome these 
dating difficulties. 
The earliest palaeomagnetic investigations of British 
Holocene geomagnetic secular variations were carried 
out on Postglacial gyttja from the lakes of the English 
Lake District. C14 age determinations on the gyttjas 
allowed a chronology of fluctuations in direction of the 
geomagnetic field to be erected (Mackereth 1971). 
Piston cores, up to 6 m long, were extracted from the 
bed of Loch Shiel, NW Scotland, firstly to compare 
their magnetic remanence with the English records, 
and secondly as part of a project on the vegetational 
and raised shoreline history of part of NW Argyll. C14 
dating of the palaeomagnetic direction variations in 
the Shiel lirnnic gyttja confirms their origin as records 
of ancient geomagnetic secular changes and permits 
refinement of the original Lake District chronology. 
Coring sites 
Loch Shiel separates the district of Moidart from 
Ardnamurchan and Ardgour in the NW Highlands of 
Scotland. The loch surface is 3.5 m above sea level, 
27 km long, and up to 1.5 km wide. Its deepest point is 
125 m below sea level, and its surface is 870 m below 
the highest surrounding hills. At Polloch the loch turns 
westwards into a large, broad basin. This southwes-
terly basin is floored and almost completely filled by 
fluvio-glacial sands and gravels upon which an exten-
sive bog has developed, Claish Moss. The whole of the 
Shiel basin was occupied by the ice of the Loch 
Lomond readvance, with a limit at its western end 
(McCann 1966). Two coring sites were chosen in 
regions of low bottom surface gradient. Cores 1 and 2 
were taken in a central, open area at a water depth of 
25 m, 0.5 km SW of Dalelia Pier. Core 3 was taken at 
a more marginal site. The water depth at this second 
site, 1.5 km off Dalelia Pier, was 15 m. All cores were 
0016-7649/79/0500-0383$02.00 
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taken in 6 m long UPVC liners using a pneumatic 
piston corer (Mackereth 1958). 
Palaeomagnetic methods and 
instrumentation 
Whole-core magnetic scanning was carried out on-line 
to a 4K micro computer using apparatus developed by 
Thompson and Molyneux (Molyneux et al. 1972; 
Molyneux & Thompson 1973). This magnetic scan-
ning established the magnetic stratigraphy and 
palaeomagnetic chronology. The core with the longest 
lirnnic sequence (core 3) was then chosen for more 
detailed studies. It was sliced lengthwise, one half 
being subsampled for further palaeomagnetic studies 
and the other half used for palynological, chemical, 
and C 14 analyses. The palaeomagnetic subsamples 
were taken perpendicular to the slice using plastic 
'cubic' holders of sides 20 x 20 x 17 mm. A 'digico' 
low-noise, ring, fluxgate magnetometer was used to 
measure the remanence of the individual subsamples. 
Reversible, initial susceptibility was measured with an 
air cored coil susceptibility bridge. Partial alternating 
field demagnetization was performed using a transis-
torized optical ramping system (De Sa & Widdowson 
1975) modified with an active filter. 
Core correlations, magnetic 
intensity, and susceptibility 
variations 
The whole-core horizontal intensity logs of cores 1 
and 3 (Fig. 1) contain a pronounced double peak 
(numbered 1 and 2) followed by an intensity minimum 
and a rapid rise to peak 3. Peaks 1 and 2 lie at 220 
and 160 cm, and the rise at 120 cm in core 1. In core 3 
the depths of the features are 330, 270, and 230 cm 
(Fig. 1), showing a displacement of 110 cm. Similarly, 
whole-core susceptibility records show a correlative 
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FIG. 1. Whole-core horizontal intensity (a, c) and relative declination (b, d) logs for cores 1 (c, d) and 3 (a, b). 
Turning points A-G discussed in text. Mean declination set to zero. Intensity range in 10-1 Am- 1• 
broad double peak followed by low values, then an 
abrupt rise (Fig. 3). 
The mud/water interface lies at about 40 cm in both 
core tubes. (Note depths in text and diagrams refer to 
depth in core tube, rather than depth below 
mud/water interface). Core 1 contains a compressed 
upper record but a longer, older sequence. Core 3 
with the longer and more detailed upper succession 
was thus chosen for palynological, chemical and 
further magnetic analyses. 
Stratigraphy and the 
pollen record 
Core 3 contains 540 cm of undistw:bed sediment and 
has two major stratigraphic sections. From 600 to 
400 cm the dark brown organic mud has an abundance 
of in situ shells of T. flexonosa, a species which pres-
ently inhabits sandy muds around the British Isles 
between depths of 11-180 m (Tebble 1966). This 
marine sediment is lithologically homogeneous, and 
with the exception of the shells is very similar to the 
overlying lacustrine sediment. There is a lithologically 
clear boundary at 400 cm which marks the marine 
regression. The overlying sediment is again 
homogeneous. Fine silt is disseminated in the sediment 
at depths of 350-360, 200, and 160-180 cm. From 
180 to 60 cm the sediment is a dark brown, fiocculated 
organic mud, with occasional fine-grained mica frag-
ments. The top 20 cm of sediment is very disturbed, 
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FIG. 2. Summary diagram of pollen and chemistry 
for core 3, Loch Shiel. Depths measured from top 
of core tube. 
nize, but is estimated to lie near 40 cm below the top 
of the core tube. 
An absolute pollen diagram has been constructed 
from the analysis of samples taken at 52 levels and it 
shows two major pollen zones (Fig. 2). 
Pollen zone 1 (600-260 cm) 
This represents a complex period, but with a fairly 
constant input of the major pollen components. High 
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Betula and Quercus values reflect the mixed oak 
woodlands of the surrounding hills. Comparison with a 
complete Postglacial pollen diagram from the adjacent 
Claish Moss (Moore 1977) suggests that this zone 
represents a series of forest clearances, after the elm 
decline. 
There is no indication in the fossil record of the 
change from a marine to freshwater environment. This 
may reflect the lack of suitable locations for saltmarsh 
development. Moore (1977) does not find any evi-
dence of a marine transgression across Claish Moss, 
though shorelines along the margin of the loch suggest 
that part of the Moss should have been inundated by 
the Postglacial sea. Peat accumulation may have been 
sufficiently rapid for it to have kept pace with the 
rising sea level. This situation would have been 
analogous to that of Flanders Moss in the Forth Valley 
(Sissons & Smith 1965). 
Pollen zone 2 (260-80 cm) 
This zone is marked by a fall in tree pollen and a 
rise in non-arboreal pollen values, especially 
Gramineae, Cyperaceae, Plantago spp, and Ericaceae. 
Extensive forest clearance is indicated in this zone. 
Chemical changes (Fig. 2) are minimal down the 
core, suggesting that true marine conditions were never 
attained in Loch Shiel. 
Radiocarbon age determinations 
Five C 14 age determinations (SRR-1143-1146, Table 
1) were made by D. D. Harkness at the Reactor 
Centre, East Kilbride. The 5 samples were all taken 
from the limnic sediments to avoid erroneously old 
ages which could result from marine input of aged 
carbon. Two of the determinations show increasing 
apparent C14 age up the core (Fig. 3). The likeliest 
explanation of these anomalously old near-surface age 
determinations is the recycling of older carbon from 
soils and peat in the drainage basin (e.g. O'Sullivan et 
·al. 1973). The pollen record for the section of anomal-
ously old ages, 260-100 cm, indicates possible in-
creased erosion of soil profiles associated with forest 
clearance. The lower two age detenninations are po-
TABLE 1: C14 age determinations 
Sample Depth, cm Age detennination, Yr 5 13C,% 
Core 3 
SRR-1143 165-175 2741 ±45 -27.1 
SRR-1144 205-215 2484±40 -28.0 
SRR-1145 265-275 2366±55 -28.3 
SRR-1146 342-352 3471 ±100 -27.3 
Core 1 
SRR-1210 346-356 3883±65 -24.0 
Age detenninations expressed as conventional C14 years BP 
ll the ± 1 u confidence level. 
tentially useful chronologically. They are compared 
below with palaeomagnetic age estimates and used 
with these palaeomagnetic declination oscillations to 
date the marine regression at 4200 years BP. 
Sea-level change 
At present, Loch Shiel drains into the sea via the 
River Shiel over a waterfall with a threshold height of 
approximately 2.5 m. At high spring tides this fall is 
submerged and seals are able to swim up into the loch. 
Two raised shorelines, cut into fluvio-glacial gravels 
around the margins of the loch in the southern basin, 
imply that Loch Shiel must have been a sea loch for a 
considerable part of the Postglacial. The highest 
shoreline is at 10 m, which correlates with the main 
Postglacial shoreline in the area (Wain-Hobson, un-
published data), while the lowest shoreline is at ap-
proximately 3 m. Assuming that the main Postglacial 
transgression would have flooded the loch by about 
6500 years BP (Sissons 1977), then a date for the 
regression of about 4200 years BP would not be 
unreasonable. 
Palaeomagnetic record 
Stability of natural remanence 
In order for sediment to hold a true record of past 
geomagnetic field changes, the natural remanent mag-
netization (NRM) must have a coercivity considerably 
higher than typical earth field values (50 IL T). Mag-
netization of low coercivity will not remain in the 
ancient field direction but will continually follow 
changes of the ambient field. Low coercivity may 
result from the movement of domain walls within 
magnetic grains or more simply from the physical 
rotation of small magnetic grains in the sediment. 
Alternating field (AF) demagnetization was performed 
on 16 pilot samples to test the stability of remanence. 
The median destructive field (MDF) varied between 
12 and 55 mT. The natural remanence changed direc-
tion by less than 3° during partial demagnetization up 
to the MDF. The natural remanence is thus magneti-
cally stable. 
Between measurement of the NRM and AF demag-
netization, the subsamples were stored in zero field in 
order to remove any viscous components. Varying 
amounts of remanence, from less than 10% up to 
80%, were lost during storage while the directions of 
remanence remained constant. These losses were orig-
inally attributed to viscous magnetic behaviour, but 
are now thought to result predominantly from physical 
rotation of the magnetic grains with drying during 
storage as discussed in detail by Stober & Thompson 
(1977). 
Magnetic declination 
Clear oscillations with peak amplitude of 40-50° are . 
labelled A-G in Fig. 1. The same oscillations can be 
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FIG. 3. Core 3. Single sample NRM intensity (10-3 Am- 1), initial susceptibility (SI units), relative declination, and 
inclination. Turning points B-G and A-Z discussed in text. Mean declination set to zero. 
seen in each whole-core declination record. This re-
peatability gives confinnation that these oscillations 
are a reflection of past changes of the geomagnetic 
field. In the lower section of both cores, minimal 
changes in declination are found which suggests the 
marine sediments were deposited more rapidly than 
the limnic sequence above. 
The declination record can be matched with other 
secular variation patterns from British lakes. Turning 
point A is interpreted as the AD 1815 westerly max-





FIG. 4. Geomagnetic declination variations (A-L) 
v. conventional C14 age for 5 British lakes. Dashed 
line shows preferred ages of geomagnetic fluctua-
tions as discusSed in text. 
A 
smaller fluctuations found at about 60 cm depth in 
Lake Windermere (see Thompson 1977, fig. 2). D is 
the Windermere turning point at 100 cm, E corres-
ponds to a westerly maximum which is characteristi-
cally broad or double in a record of high deposition 
rate (as in Lough Neagh, Thompson 1973, fig. 3; 
Thompson 1975, fig. 4). Turning point F in contrast 
.to E is sharp, often of large amplitude, and lies at 
185 cm depth in Lake Windermere. 
Magnetic inclination 
Inclination measurements were made on 219 sub-
samples from core 3. In the upper 414 cm of core 3 
magnetic inclination varies by only 15° peak to peak 
and has a mean inclination of 75.4°. Fisher's a 95 of 
these upper 138 measurements is 0.9°. The inclination 
expected on a time-averaged geocentric axial dipole 
model is 72.0°. The difference is probably due to 
non-vertical penetration of the corer. The oscillations 
A to Z (Fig. 3) although of low amplitude and only 
here shown from one core, show many similarities to 
the inclination record from 3 cores from Loch 
Lomond (Dickson et al. 1978; Turner & Thompson, 
in prep) and are likely to be a reflection of past field 
changes. 
The lowest 1.5 m of the core shows markedly lower 
inclinations of around 1Q-20° (Fig. 3). Such palaeo-
magnetic records (Noel & Tarling 197 5; Momer 1977; 
Abrahamsen & Knudsen 1977) have been interpreted 
as recording excursions of the geomagnetic field. 
Thompson & Berglund (1976) have argued that these 
Late Weichselian and Holocene low-inclination 
palaeomagnetic directions are more likely to be a 
result of sedimentary processes than a true reflection 
of the ancient magnetic field. It has been repeatedly 
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demonstrated that the geomagnetic field was of nor-
mal polarity during the period 5000-3000 years BP 
(M~ck~reth 1971; Opdyke et al. 1972; Kovacheva & 
VelJOVIch 1977). The stable low-inclination rema-
nence in Loch Shiel thus cannot be a true reflection of 
the ancient magnetic field. Remanence in recent fine-
grained sediments is most probably a post-depositional 
remanent magnetization (PDRM) (Kent 1973; Lovlie 
1974; Stober & Thompson 1977). The low inclinations 
correlate with marine deposition, suggesting that the 
struc~ure of fabric of the sediment, related to the 
packmg of clay minerals, can influence the stable 
PDRM~ Interestingly, the declination is not markedly 
affected. 
Promoters of recent excursions draw attention to 
the common occurrence of low-inclination normal 
declination from European localities (Mom~r 1977) 
and interpret this direction as of geomagnetic signifi-
cance. The Shiel record, however, demonstrates that 
this palaeomagnetic direction is not alone sufficient for 
determining a recent excursion and highlights the 
difficulties which can be encountered in shallow-water 
estuarine sediments. 
Comparison with other British 
limnic palaeomagnetic sites 
Figure 4 summarizes available palaeomagnetic decli-
nation data and conventional C14 age determinations 
from 5 British sites. Following Mackereth (1971) we 
plot the palaeomagnetic declinations as abscissa so 
that the major swings (A, D, E, F, G, H, I, L) lie at 
equal intervals. Mackereth suggested the oscillations 
in declination may be periodic. However, later work 
has revealed additional higher frequency changes in 
declination and no clear long-term periodic fluctua-
tions in inclination. The interpretation of age determi-
nations advanced here also leads to the declination 
cycles having markedly different lengths, particularly 
when a dendrochronology calibration is applied. The 
British geomagnetic field declination record is thus 
seen to be composed of a series of fluctuations of 
different frequencies but with a concentration of 
energy in the periods between 2500 and 3000 years. 
The palaeomagnetic curves from Lochs Lomond 
and Shiel show more detail than do the original Win-
dermere records. The greater resolution of these 
geomagnetic records probably results from the higher 
ratio of rate of deposition to rate of stabilization of 
remanence in Lomond and Shiel. 
Recognition of the above fine geomagnetic detail 
permits a correlation, between the lake sediments 
investigated, which is based solely on the 
palaeomagnetic records. Thus a direct comparison of 
C14 age determinations can be made between lakes in 
teographically distinct regions. Such an exercise has 
not been possible previously for the post-Elm decline 
period, because of the lack of synchronous bio- or 
titho-stratigraphical horizons. 
In most of the lakes studied apparently old C 14 age 
determinations have been found near the top of the 
sediment profiles, i.e. increasingly older ages are found 
in stratigraphically younging sediments. In general, 
Quaternary research workers accept age detennina-
tions falling on a positive time-depth curve as reli-
a_ble and only reject those on an inverted, negative 
tune-depth curve. 
C14 laboratory experimental errors (including errors 
due to the random disintegration of C14 atoms) are 
s~all (roughly equivalent to the size of the symbols in 
Fig. 4) compared to the between-lake discrepancies. 
Errors in matching the palaeomagnetic curves from 
lake to lake are also considered to be small, as exten-
sive curves with high-frequency fine details are being 
correlated. The typical total random error involved 
can be best judged by the closeness of fit of the 
age/feature points in Fig. 4 to a smooth curve below 
turning point F. It follows that there must be addi-
tional large systematic errors influencing the C14 age 
determinations during the time range of fluctuations 
F-D. 
We now consider which, if any, of the age determi-
nations are· useful in the range F-D. Discrepantly 
young ages could result from diffusion of young car-
bon down the core. A more plausible possibility would 
be contamination by young carbon due to smearing 
from wall friction during coring. This is unlikely to be 
a common problem, as Mackereth cores have an inter-
nal fixed piston, and laminated material shows only 
minor signs of smearing. Also, material for C14 dating 
is routinely taken only from the centre of the cores. 
However, particularly anomalously low ages, for ex-
ample at turning point F, could have resulted in this 
manner. The major systematic errors are thus thought 
to result from contamination by old material, in par-
ticular from influx of old soils and peats. We suggest 
this effect has been more pronounced and started 
significantly earlier than previously believed. C 14 age 
determinations may be significantly anomalously old 
during times of forest clearance and ploughing even 
though the time-depth curve has not inverted from a 
positive to a negative relationship. 
Palaeomagnetic correlations offer a possibility of 
assessing this dating difficulty and transferring reliable 
age estimates between sites. Our preferred ages of 
geomagnetic fluctuations in Fig. 4 are given by a 
smooth curve passing through the youngest C14 age 
determinations at each level (excluding Lomond points 
D and F). We propose that transference of ages from 
this master curve to the lake sediments under investig-
ation gives the best estimate of the true C14 age of the 
deposits. 
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FIG 3.1. LOCH LOMOND ADVANCE LIMITS OF KINGAIRLOCH, 
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